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PREFACE 


' I ''HIS book is rK)t d history of clocks nor 
d theoretical treatise, but aims at giving 
precise practical directions for cleaning, repairing, 
ancT ij^^king all kinds of •clocks. The Authoi 
has tried ^o describe in detail every operation, 
however small, ^so th.it the amateur mechanic 
wfth a few tools and no [)revi()us knowle(^e 
of the subject may, if lie so desires, learn 
from its pages the art of clockmaking. 

^ At the same time, its usefulness is by no 
means confined to the amateur. Much of the 
information given and yiany of the illustration^ 
deal with matters that are not treated upon m 
any other work known to the Author, notably 
the descriptions of striking work, ting-tang 
quarter chinjes, tube chifhe-clocks, and the hints 
on clockmaking. 

All the information given is the result of 
the practical experience, and the 

drawings and photographs are from actual 
mechaitism. 


F. J. GARRARD. 
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CLOCK REPAIRING AND 
MAKING 


ciiAPTr:^ I. 

IMRODUCTION. 

Descripiion di- a Simple Cluck Movement. 

'J'nF, illustration on this pa<;e (Fig t) shows front and side 
views of a “ Skeleton ” timi'iatce. 'J’he mechanism of such a 
clock is simple, and owing to the skeleton form of the frame 
plates, the wheclwork being easily seen, it is a very suitable 
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form of clock to take as an example in giviftg a general 
description of a spring-driven pendulum timepiece, pd an 
explanation of the principles of its construction. T 

r The principal part of this clock is the pendulum (H, Fig. i ), 
shown more clearly in Fig. 2. That is to say, the pendulum is 
the actual timekeeper. 'J'he rest of the clock merely serves to 
keep the pendulum vibrating and to rccoid the number .of its 
vibrations upon the dial. If a fairly heavy pendulum is set 
swinging, its swings, or “ vibralionff” as they are terftied, occupy 
practicnrtly c(jual times, whether tlWy 
f A aie long swings or such small ones as to 
be scaicely jTerceptiMe. 'J'he times are 
jj not^jiar^rZ/r etjual, ana in very -cla.ss 

clocks this has to be take* iitto account, 
g g as ^^ill be described further on in this 

book in conneetkm with compensation 
jK'ndulums and regulator clocks^ t But 
; , for ordinary house clocks the times 

C v A may be taken as equal. 

\ I \ heavy pendulum, once set vibrat- 

C 1 1 ) ^ through a fairly large arc, will con- 

y \ / linuc to vibrate for a long time, eph 
▼ Mbration being a little less in extent 
I'1C,. 2 -reiiduium. than the pieceding one, until it comes to 
lest •I'he causes which bring it finally 
to rest are mainly two. Friction at the point of suspension, and 
tie resistance of the air to its passage to and fro. Friction is 
reduced to a minimum by employing a suspension-spring, 
(A, Fig. 2). This is a thin, flexible band of steel, or steel 
“ ribbon.” Resistance of tks air is decreased by making the 
rod and “ bob ” (B, Fig. 2) of heavy matefiaf, so as to get a 
heavy pendulum of small dimensioni^ Brass, steel, and lead 
are the usual materials of wdiich pendulums are made. Some¬ 
times also,cas in Fig. i, the pendulum rod is thin and flat, and 
the “ bob ” lens-shaped, to cut the air easily. « 

A pendulum made and suspended thus, only requires a 
very slight impulse fre^ outside to keep it vibrating 
continuously, agd this the mechanism of the clochiis designed 
to give. Th? motive power is a steel magjspring coiled up 


inside the barrel (A, Fig. i). • Around the outsieje of the barrel 
the chain or line is coiled and in its turn pulls ^he fusee ro^nd 
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(B, Fig. i); attached to the fusee, which is a cone-shaped pulley 
^ith ta spiral groove around it, is the “ main wheel ” of the 
clock, the first driving wheel. This mam wheel revolves 
twice per day and drives the pinion of the centre wheel, C.' 
This centre pinion has eight leaves, and as the main whecd has 
ninety-six teeth, or twelve times as many, the centre pinion re¬ 
volves twelve times to once of the main wheel, or once per hour. 
This pinKjn is therefore pi^olonged forward through the centre 
of the dial and carries the loi^ or “ minute” hand of the clock, 
^"he centre \\heel (or second wheel) drives the pinion of the 
third wheel (I), Fig. i)., 'rhe third wheel drives the pinion of 
the gscjpe whee>{F, Fig. i). 'I'l^' numbers of the teeth of the 
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centre and third wheels and the pinions they drive a^e 
such that the escape wheel resolves once in about minute.* 
Then having a {lendulum of a convenient length for the height 
of the clock, and making about three vibrations per second, 
the escape wheel is allowed to revolve just fast enough for the 
centre pinion to make one revolution per hour. 

By means of the pallets andjcrutch (Fig. 3), each dodble 
vibration of Ihe^ pendulum allows one escape wheel-tooth to 
pass, and in passing, ^ch tooth gives the pendulum a slight* 
impulse or push forward. Thus the power of the mainspring 
transmitted through the train wheels keeps tl^e pendulum 
vibratirig, and the pendulum regulates the speed of the escape 
wheel Imd so controls the?*rate of motion of the hands. A 
short pendulum vibrates more quickly than a long one, and 
so to regu^te the clock, the bob is made to ^ide uptfn the rod, 
an^ by means of a flut at the lower end (Fig^2) the bob can 
be raised or lowSred for purposes of regulation. Lengthening 
the peadulunl makes the clock go more slowly, and shorte^g 
irmak^ it g^faster, 
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In the front view of the clock (Fig. i) several wheels will 
be seen under the dial—the hour wheel and two smaller 
minute wheels. These are to drive the hour hand and*ma^? 
it go round the dial once to every tvfelve revolutions ofuhe 
minute hand. One minute wheel, sometimes called the cannon 
pinion, from its shape, is mounted friction-tight upon the 
prolonged end of the centre pijiion 
of the clock. The other minute 
wheel, the same size aftd number 
^ of t^eth, is driven by the first, an^ 

A = Minute hand B Hour hand haS a pillion of six IcaVCS. This 
pimo"°E=Eu..‘»k^""°“ tlje hour'wheel of 

• Fig. 4.-Motion Wheels. ‘cvcnty-two teeth and so ^jwes it 
to make one revolutk)n*to twelve 



of the minute pinion. Fig. 4 shows the motion work. A = 
minute hand, B = hour hand. • 

' These clocks are generally very well made and last rnany 
years. They go eight days and as a rule keep time to williin 
about one or two minutes per week. ITe regularity with 
which they run through the week is largely due to the presence 
of the chain or line and the fusee. It would be easy to omit 
these parts altogether and place the main wheel upon the 
barrel direct as in German and French clocks. Such barrSs 
and main wheels combined are called “ going barrels.” Their 
disadvantage is that when «iie spring is wound up at the 
commencement of the week, the power is excessive, and when 
it approaches the end of the week, the power is much less. 
That is to say, the power of such a clock varies throughoift the 
wenek, causing in the early part of the week excessive wear and 
tear on the teeth, pinions aneWpivots, and also tending to cause 
the clock to gain at first and gradually go irtbr? slowly as the 
end of the week is reached, thus givirfg an irregular rate from 
day to day. 

The fu^e is to equalize the power. When the clock is 
fully wound up and the mainspring is at its strongest, y;ie chain 
pulls upon the smallest diameter of the fusee and has little 
leverage. As the days pafis, the chain unwinds from the fusee 
and gradually PuHs upon a larger and j^rger diampter of the 
cone until at tne last day of the week, it ex^ts its force ufpon 
the largest diameter of the cone. So it will be seen that if the 
Hhape of the cone is proportioned to the variation in jibwet^of 
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tiie spnng, the pressure upon the working parts of the clock 
Md the force that reaches the pendulum through the pallets, 
will remain the same throughout the week’s run. 

It is perfectly true that the time kept by the pendulum is 
independent of the extent of its vibrations, and so the variations 
in power should not affect the timekeeping. But this is only 
true* of a free pendulum. With a pendulum and pallets such 
as this clo^k has, the pendulum is not quite free. It is always 
being either pushed or retarded by the pressure of the escape 
%heel teeth upon the pallets. The pressure thus applied tends 
to quicken the vibrations, and the greater the pressure, the more 
will the^ be quiciiened. So in ai| eight-day clock especially, 
the n 5 ^e,even the driving power, the better will be the time¬ 
keeping and*lhe longer the clock will wear. 

A falling weight gives a constant force and is therefore 
preferred to a spring*in high-class clocks. The drawbacks of 
a \^ight-driven clock are that the weights require room to fall 
and necessitate a long case, and also such clbcks are not so 
portable and are heavier. 

Another large class of clocks have no pendulums at all, but 
are governed by a balance and spring after the manner of a 
w^tch. The principle is the same. A mainspring and train 
of wheels finally drives an escape wheel, which through a pak 
of pallets and a crutch or “ lever ” gives the impulses necessary* 
to keep the balance vibratinf. A balance wheel with*a 
“ hairspring ” attached acts in a very similar way to a pendulum.. 
If s^t spinning or vibrating backwards and forwards, it will 
continue until it is brought to rest like the pendulum by the 
friction at its pivots and the resistance of the air. Also •its 
vibrations, whether long or shortfare performed in equal times. 
So it fulfils exactly the same part as a pendulum, but is, when i 
well made, much more delicate, gnd when cheaply made, not 
so even in its action as a pendulum. Its great advantages are 
portability and the small space occupied. Its disadvantages 
are, in gbod clocks, delicac>,and expense; and in cheap ones, 
poor timekeeping. 



CHAPTER. II. 

CLEANING A SKELETON CLUCK, 

(Blocks requiie cleaning for t^’O leasons ; ihe oil may haj^iied 
up or become sticky, or iheie may be such an acrfimulalion 
of dirt in the i)imons and arriiind the pivots, that it cannot 
continue to go. Clock oil even of the very best cannot be 
relied upon to remain fluid more than three or four yc%rs, 
though it may Ho so in some cases. If, through the clock 
standing in a hot place, such as a kitchen mantelpiece, tiie 
oil actually dries up, and the clock continues to go, as many 
will if they have good mainsprings and are otherwise m 
good order, the pi\ots running in dry brass pivot holes rust 
rapidly. The friction seems to rust them, aided by the small 
^amount of moisture which there is e\cn in the driest air. Once 
a ,pivot begins to rust, its dtpstruction is rapid. The rust 
powder, oxide of iron, is a sharp cutting and \ olishing material, 
and as the pivot slowly and continuously revolves, it is surely 
ground and polished away to a mere thread. Just how fong 
it will go on before the resistance to motion stops the clock, 
depends principally upon the jiower of the mainspring. It is w^ell 
for a clock that this power is strictly limited, dt in many cases, 
clocks would go until their pivots Wei's all completely worn 
away before their owners recognized that they required 
cleaning. 

It is best for the clock when the oil gradually harc^ens and 
becomes thicker and thicker until It is so sticky that instead of 
lubricating the pivots and fnaking them turn with less friction, 
it actually sticks^ithera tight in their pivot holes »t) that the 
mainspring is no longer pow^erful enough to t^\rn them.. » 

So it will be seen that a clock in an air-tight and dust-tight 
case into which not a particle of dirt can enter, ^\\\ yet tequire 
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cleaning mei^ly by the lapse of time causing deterioration of 
the oil^ though its plates and other parts may still exhibit a 
hij|h polish and its j)inions may not hold a spec of dust. It 
is hard to convince some owners of clocks that this is so, 
especially in the case of a skeleton clock, or a carriage clock 
under a glass shade or in a glass case, every part of which can 
be seen in a highly polished and obviously clean condition. 

In either case, whether the oil has dried up, or the clock is 
dirty, the remedy is cleaning and tlie process is the same.^ It 
n^ust be taken conpiletely apart, the parts cleaned, and it must 
be put together again and sui)plied with fresh oil. 

Tai^g the*Clock Apart.^The frame of the clocl* 
consists of*t^\^) “skeleton” {dates held together by four or six 
“ pillars.” d'he jjillars may be cither riveted or screwed securely 
into one plate, and tl>e other {)late may be held on by screws 



into the pillar ends as in Fig, 5 or pinning through as in ¥ig. 6. 
Thes 5 are the usual methods of holding clock frames together. 
In Figs. 5 and 6, A = pillar and B = plate. This fran»e 
contains the liarrel, fu.see, and \plieels, etc., and upon it are 
mounted the dial* and motion wheels, and from its upper part 
the pendulum is susjienrted as shown in Phgs. i and 2. The 
complete frame with all Us attached parts is known as the 
“movement” of the clock, and generally stands upon four 
turned ly^ass “ feet,” w^hich are held to the base, of wood or 
marble, by screws and nuts, as in Fig. 7. A is one foot and 
the figure shows the method of attacliment. A long steel screw 
is firmly fi*d into the; hDwer extremities of #he clock frame, 
and^sscs througb the loose foot, and the base or stand, and 
the whole is h^ld together by the nut underneath. 

The’pendul^ should be first removed by lifting it off the 
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back cock, or little brass bracket which supports it. Then 
take out the pin that holds the minute hand on, and i;emo^ 
the minute hand. The hour hand is fastened by a little scr^'. 
Remove this with a watch screwdriver and take off the hand. 


Next take off the dial, which is a ring of metal with three or 
four feet which enter holes in the front frame plate and are 
secured by pins like Tig. 6. 'The dial off, the minute cock can 
be unscrewed and removed. This is the little bjass bridge 
screwed to the front plate which Tiolds the minute wheel in 
position. The minute wheel ancl hour wheel (Fig. 4) can the?, 
be taken off. The liridge that hol(Js the hour wheel (if the 
clock has one) can be unscrewed and the o^er minute wheel 
6r “cannon pinion ” taken off , 

The movement, being now stripped of ^all external 
parts, may be detached from its base by unscrewing the nuts 
(Fig. 7) and taking off the loose feet. *Then if the oil has 
dried up, put a little fresh—any oil will do for this 
purpose—upon the pivots of all the wheels to make them 
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run smoothly, llnscrew the back cock and 
remove the crutch and pallets (Fig. 3). If 
the clock is wound up, the train wheels will 
run unimpeded until the power of the main¬ 
spring is spent and the clock is run down. 
In this clock, the train should run until the 
line or chaifi is all off the fusee and wound 


around the barrel. Although the train can run no further, the 
line is still tight and the mainspring is wound up a little ipside 
the barrel. This must be “ let down ” by loosening the screw of 
the “ barrel click” (A, Fig. 8), then place a large key ora small 
hand-vice upon the square of the barrel arbor, end easing the 
click from the ratchet teeth B, allow the square to run back 
until the spring is quite unwound and ftie line becomes slack. 
There being now no power on the clock, the plates can be 
taken apart knd all the wheels, etc., removed. 


Cleaning.— Petrol is t\\e best cleansing fluid to use for all 
clock and watch work. Great care has to be taken in its use 
as it is highly inflammable, and it is best when usifig it in an 
open bowl to do so in a room with no artificial light bumfiig, 
or at least far from such a light, and to only leave it exposed 
for a short period. An enamelled iron hand-bd^vl is useful 
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clock cleaning, and into such a bowl, the plates and all wheels, 
(^cks„pallets, etc., may be put, and about half a pint of petrol 
pVred upon them. , 

The fusee can be taken apart by removing the cap on the 
main wheel, and the main w'heel, fusee body, ratchet and click 
may be put in the petrol with the other parts. That is, if the 
clock has a chain. If it has a gut line, do not put the fusee 
body and line into the petrol, but be content to wipe it clean 
with a paper and a duster. * ^ 

The barrel cover can be ^)rised off by means of a screw¬ 
driver and the arbor removed, cover and arbor being put in 
the petrol, but noi the barrel and mainspring. It is not often 
neces Sh-y^o take the mains{)ring ^ut of its barrel, only whea 
it is broken, tir when the oil upon it has become so sticky that 
the coils adhere to one another and jirevent it acting properly. 
If the spring has to be taken out, put it and the barrel in the 
pelrol as well, but if not, do not let the petrol touch it, as it is 
impossible to remove the petrol from the coils while the spring 
lies in the barrel, and its presence has a bad effect upon any 
fresh oil that is applied. 

The parts in the hand-bowl may be taken one by one and 
biushed clean from dirt and old oil by means of a stiff clock 
brush and petrol. As each part is cleansed, shake off the 
surplus petrol into the bowl and dry it wiih a duster. Serve alf 
the parts in the same way and«ihe petrol will be observed to 
have become quite dark and dirty with the dissolved grease 
and dirt from the clock. Still it can be used again and again, 
untiT quite saturated with grease, so it may be allowed to settle 
for a moment to let grosser dirt sink to the bottom, and tljen 
quietly poure^ into another bottie for the next clock. A tin 
funnel is useful for the pouring. Clean petrol, for a particular 
job is thus kept separaffe. 

If it is deemed necessary to take the mainspring out of its 
banel, hold the barrel in a duster to protect the hand, and 
seize the centre coil of the spring with a strong pair of pliers 
and pull it up and out. This is assisted by, at the same time, 
turning the centre coil a little in'the direction of winding up, 
which ten^ to ease i^. A few pulls in thisjway at the centre 
cofts will get the spring out. Care has to bi exercised to 
prevent it springing out all at once and injuring the fingers, 
Ijence &e usecof a duster to grasp it. 
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When out, the spring can be wiped clean frofti end to end 
after being washed in petrol. 

This simple process of washing in a bowl cleanses ll^e^ 
clock only. If it is desired to re-polish the plates and wheels* 
as well, as is the case if they are tarnished or corroded, they 
must be submitted to another process before putting in the 
petrol bowl. Tarnish may be removed and a high polish 
given by using Cllobe metal polish on a fine brush or a rag, 
a thorough washing in petrol following to remote the dirt. 
Or !-ottenstone and oil on a brtish may be used in the sarqp 
way, but it does not give such a high polish, and in the case of 
a clock every part of ^\hich is visiblb iinder^a glass shade, the 
m Cilobe ” polish is to be petreired. Rottenstonc is when 
the plates are corroded and require a sharper cuyiin^ medium. 
When badly corroded, batli-hiick dust may be used first; in 
both cases finishing with the “ Olobe’’ ptlish. 

The parts having been polished and cleansed by wlych- 
ever process i^ deemed most suitable, may now be taken in 
hand for moie particular treatment. ICach jiivot hole must be 
“ pegged ” out clean. Bundles of “ pegwood ” for this purpose 
are bought at clock-tool shops and are little sticks of dog¬ 
wood about five or six inches long. Take one of these and 
sharpen it with a pocket knife to a long thin point. Insert it 
•into a pivot hole and tuin it lound a few times. It will come 
out black and dirty with the dd oil and the polishing medium 
u'sed to polish the plates. I^e-shaipen the i>eg and lepeat the 
process until each pivot hole is absolutely clean. 7 'hc larger 
holes such as the fusee and bairel holes may be cleaned out 
with first a duster and then a leather wrapped around a peg. 
After pegging out thorouglUy, take each {lart and hold it in 
tissue paper while it is polished up quite clean nn^ bright wdth a 
stiff watch biush charged with just a littk dry chalk dust. Rub¬ 
bing the brush once across a white billiard chalk suffices to charge 
it with sufififtient chalk. This should leave the parts beautifully 
clean and polished, and from this point onwards none^f them 
should be handled with the unprdtected fingers, or stains and 
greasy marks will result. Afw'ays use tissue paper to hold them, 
or pick them up >feith tweezers. Wheels may be held liy the edges 
of their teeth.* If the plates are handled by J|ie edges only^^he 
edges may be given a final rub with a leather when the clock 
is put together the very last thing before putting on the shade. 
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Putting*tOg'ether. —If the mainspring has been taken 
out of the barrel, it must first be put in, and a firm grip and 
a ajronJ wrist are required. Lay the barrel flat upon a wood 
table and hold firmly in one hand, protecting the hand with a 
duster. Take the outer end of tlie spring in the right liand 
and insert it in the barrel, hooking it securely on the hook. 
Then,coil it in an inch or two at a time, pressing each coil 
well down, and never once relax the grip until all is in, 
or it will fly«out. As each coil is pressed in, turn the barrel in 
tl^e left hand to biing the ne\>part into position for the ri^ht 
hand to jiress it in. When all is in, bang the barrel hard upon 
the table two or three times to sliake the spring well dow'n to 
the bo'^ii. Insert the arbor to ^e that it hooks properly. 
Ajiply gooA ijiachine oil to the coils of the sjiring and the 
barrel bottom and put on the cover again. Oil each pivot of 
the arbor and then pelish up the band outer surface to look 
nice and remove all finger marks. 

The fusee body, ratchet, click and main wl^cel all being 
clean, put on the latchet, put in the click, and oil the click 
with clock oil (purchased in small bottles at the clock tool 
shop). Oil the fusee arbor where the main wdieel turns 
upon it, and the groove where the cap or key fits. Then 
puf on the main wheel and oil where it rubs against the 
fusee body, put on the cap and insert the pin or screw that 
holds it. j 

Now the plate with the pillars fixed in can be laid upon ih^ 
board, and the barrel, fusee, and wheels all stood up upon it 
in thtfir pivot holes. Put on the top i)Iate, and pressing it 
down with tissue paper, insert one ])il]ar pin at the bottom. 
Then pressure can be exerted upog the other end of the plate 
as each pivot i^g«t into its pivot hole until all are in and the 
top plate goes on flat. tPut the pillar pins in quite tight and 
press home well with [iliers. The chain or line can next be 
put on. First hook it into the barrel, and guiding*it with the 
fingers, wind it up regulaily, following as far as possible the 
old 'marks. When all is oil; hook it in tlie fusee and con¬ 
tinuing to turn the barrel, draw' iLe chain tight. Put on the 
barrel ratcl^t and chek (Fig. 8), and grasying the square 
arb<tr, wind the sp^g fip one tooth of the ratchef just to keep 
the chain tight. Then rearrange the coils around the barrel 
quke regularl/ and finally wind the spring up half a turn more 
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and screw the click tight. This is termed “ setting up ’’ the 
mainspring. 

Put in the pallets so that the train cannot run, and proceed 
to wind up the clock, closely watching the chain to see that it 
goes straight on to the fusee and does not drag sideways or it 
will get out of its groove and damage the edges, or if it is a gut 
line, will cut the line. If any sign of sideway dragging is 
observed, bring pressure to bear upon it as it Js wound by 
sojnething smooth, such as a burnisher or a pocket-knife 
handle, to keep it quite straight. Then apply a little cl#ck 
oil to all pivot holes and to the jiallet faces, and the clock 
if in good order should “^rip” merrily wilkmt the pendulum. 

The frame or movement can be once more,^^l^fd upon 
its stand and the feet put on. 'J'lierc will oftly remain the 
dial, hands, and motion work. Clean the minute wheels, 
hour wheel, and minute cock in the sjfme way as the plates, 
etc., and put them in position. In some of these cloclfe the 
motion work%s arranged like that of an eight-day English dial, 
and in others it is somewhat after the fashion of a French 
clock. 

In the English form (Fig. 9) the minute wheel, known as 
the cannon pinion, fits loosely upon the centre arbor and Ksts 
upon a short curved spring A. When 
the minute hand is put in place and a 
washer or “ collet ” put on over its 
centre, the whole is pressed down 
against the bow-spring A and a^pin B 
inserted to keep it down. The cannon 
pinion is then held friction-tight between 
the •bow-spring A |ind the pin and 
washer B, so that it is carried round 
upon the centre arbor as the clock goes, 
and when it is required to set the hands 
it may be tfirned stiffly ; care should always be taken to see that 
the spring A does not touch the plate. This is a vel^ reliable 
method of carrying the ngnute hand, as the tightness may be 
regulated to a nicety by thinning the spring to ease ih or 
hammering ^!iff and bowing it a Iktle more ft tight^ it. 
The hancis should just move stiffly enc^gh not to drag 
behind as the clock goes, but must not more sp as 
to cause danger of breaking ^the minute hai^ when setting 
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Fic. 9.—Sprung Cannon 
Pinion. 
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them. In this^ype of motion work the hour wheel is generally 
carried by a fixed brass bridge screwed to the front plate and 
spanning* the cannon pinion without touching it Movements 
arranged thus are known as “bridge movements," and are 
considered better and more reliable than the pattern without a 
bridge. ^ , 

Fig, 10 shows this latter form. In it the cannon pinion 
fits rather tightly upon the centre arbor and has a spring A 
to give it arf even frictional'molion. If the cannon pinion 
mg;ely were tight ujion the ar&or, it would turn in a jerky 
manner and after a little while get so easy that the clock 
would go whde the l^nds reftiained stationary. 

To previjfl this, a portion of the “^hpe ” at 
A is filed tl^n»and pressed inwards a little 
to give the pipe a spring grip upon the arbor. 

In this pattern, there •being no bridge, the 
hour ^heel rests and turns upon the pipe of 
the cannon pinion. It is a neater and simpler 
method of arranging the hand work, but 
rather more liable to give trouble by work- ,o_Sna ed 
ing loose than a “bridge movement" would ^canrJonpS? 


be. 

The minute wheel pivots require a little clock oil, but none 
should be put upon the pipe of the hour wheel. When the 
motion w’ork is on, put on the dial and pin its feet securely.^ 
The dial will probably be french silvered on brass and the* 
figures painted. If so, the only cleaning permissible will be a 
gentle ^ipe with a soft leather or duster. The hands may be 
put on, and the pendulum polished up gpd re-hung. A littl^ 
oil should be put upon the pin of th(^ crutch, and the slot in the 
pendulum rod w^efe it works must be scrupulously cleaned and 


burnished bright. • . 

The clock will now be complete and only needs setting in 
I lace again and care taken that it is perfectly “ in beat." As 
this is a pgpeess always required in a pendulum clock, it will 
be here described. A pendulifm clock is in beat when as the 
pendulum hangs motionless and at iest, an equal movement 
in either direction causeg an escape tooth to dsop. In other 
J^ordSJ a “ tick " sl^puld come equal distances orf* either side 
df the position^of rest. The readiest way to tell if a clock is 
in ^t to start it with the least movement of the pendulum 
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that will allow it to go, and listen carefully to the “tick** ot 
beat. If quite even thustick, tick, tick, tick, it ii nearly 
enough “ in beat.” But if like this h —tick tick, tick tick, etc., 
etc., in twos, it is not in beat. By watching the pendulum bob 
and seeing on ^\hich side it swings furthestafter the “lick,” the 
crutch wire may be very slightly bent to one side until the 
beat is right. A little observation and consideration will show 
to which side the crutch requires bending, or ^ single trial 
bepd will show at once. 

Clock cleaning requires a few tools, such as screwdrivers 
of suitable si/.cs, pliers, a small hand-vice, brushes, pegs, etc., 
and cannot be properly^done without tiiem. Screwdrivers 
that are too large will spoil the screws and ma^ <fie brass 
work, and the absence of jiroper pliers, etc., wfil risk disaster 
in allowing parts to slip at a dangerous moment. Also only 
good clock oil should be used for pilots and light working 
parts. Other oil will dry up, get sticky quickly, or corrodie the 
plates greensand necessitate rcclcaning m a few months or 
perhaps injure the clock as well. 



CJIAFTER III. 

REPAlR/yG A SKELETON CLOCK 

Broken Mainsprings.—The mainsprings of these clocks do 
not often brearl:, and when they do it is generally just at the 
outer end across the hook hole. When this has happened, 
take the spring out, and trim off the broken end to a rounded 
form^as in Fig. ii, the end being straight with corners well 
rounded. Then soften the steel for about one inch back from 
the end, by heating in a gas flame or by a 
spirit lamp. The spring is hardened steel and 
heat will soften it. 'J'he degree of heat is 
indicated roughly by the colour of the steel, 
buff the surfaces bright and hold in the 
[ flame. As the steel gets hot it will assume 
a straw colour, then a blue, this ^ ill pass off 
' to a dirty white or grey. At this point stop, as it is hot enough 
for the purpose and heating it actually to redness will make it 
too soft. When cool, punch a hole in it by placing the spring 
on a steel stake with a hole in it and using a flat-faced punch, 
or by placing on a block of lead or hard wood and using a 
round or pointed "punch. After punching, the hole may be 
filed out larger and to the exact size and shape required by a 
rat-tail file. The spring is then put in its barrel again as 
described in Chap. II. * 

A sprj.ng that breaks just at its extreme inner end is very 
troublesome to deal with, and most clockmakers discard them 
and fit new ones. It is generally impossible to make a really 
good job ofwuch a breakage. But there are circumstances in 
whicii a new spring/cannot be obtained just when required, and 
in such a case^ the attempt may be made. There are two 
dignities, the first is to soften the end without softening the 



Fig II.— Main¬ 
spring End. 
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adjacent coils, and the second is to get at it to p^nch the hole 
and file up the end. A blow-pipe well directed is sometimes 
successful in softening the end, but the greatest care is* needled 
to prevent the flame from wandering* Another method is to 
heat a bar of half-inch round iron rod to redness and insert it 
into the centre of the spring and apply it to the centre coil as 
far as necessary. One difficulty is to see that the so^fening 
does not end suddenly, or a sharp bend or a break results. 
The softened part must gradually«merge into the 4 iard portion 
by^ gradation of colour extending over an inch or so. Then 
as to the hole, the centre coil must be forcibly pulled up aSd 
held in a vice while a hole is drilled in it. The drilled hole 
^can be enlarged by broacl^mg and then file^ out witte^ rat-tail 
file. When the spring-end is finally completed, /htf centre coil 
must be forced down flat again and curled inwards to catch 
well on the hook upon the barrel arbor, t Many springs treated 
thus last for years again, others are a failure. 

A spring l^roken somewhere in the coils, about the centre 
of its length, or at least not very near 
to the “ eye ” (the middle) can be mended 
by softening the two broken ends and 
riveting them together with three or four 
rivets as in Fig. 12, and such springs fast 
well. Of course their action is not so 
smootiv and regular as a perfect spring, 
but it is a useful repair on occasions. 

It must be understood that when springs break in the eye, 
or in the. coils, in fact anywhere except at the extremef outer 
end, the best repair is a new mainspring, and where one is 
rWily procurable, repairii?g the old spring should not be 
thought of. ^ 

Broken Chain or Line. —A chain is far better than a 
gut line, bvt more expensive, so the best clocks generally have 
chains and the cheaper ones lines. Chains occasionally break, 
and to mend them, the old rivets^must be punched oifc, leaving 
two ends as in Fig. 13, anC a new steel rivet filed up, inserted, 
and cleaned offsmooth and flat on each side. TJfie principal 
difficulty is to get the old rivets out.^ Just file their ^uter 
surfaces a little and placing the chain end 6ver a stake with H. 
hole in it),and using a small flat-ended puncbf, drive out (the 



FlC. 13 —Repairing a 
Mainspring. 
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Vivet by a sharp hammer blow. A new chain hook is simpler, 
as only oqe link requires opening and one rivet removing. In 
Fig. /4 A is a barrel-end hqok, and B a fusee-end hook. These 
hooks can be bought at the clock material shop, but to make 





Fig. 13.—RepMring a Chain. Fig 14.—Chain Hooks. 


on^is quite an easy matter. A piece of thin flat steel, such a» 
a piece of old broken mainspring, is taken and softened, the 
rivetfhole drilled and*then it is filed u^ to shape and smoothed. 

A brokenihr^e cannot be mended, as a knot would not pass 
the fusee groove, and no method of splicing is possible. The 
lines are sold ready to^ut on. The method of attaching is 
the only difficulty. To attach to the fusee, take the fusee to 
pieces^s described in Chap. II. and remove the old broken 
end. Pass the new line through the hole and ^aw through 
inside for a couple of inches. Tie a simple knot as at A, 
Fig. 15. Gut is peculiar stuff to tie tightly. It tends to loosen 
itself, so cut off the end with cutting nippers fairly close to the 
knot* light a match, and hold the edge of the flame just touch- 



Fig. 15.— Securing Knots in Gut. Fig. 16.- Securing Barrel End of Gut, 

ing the cut end of the gut and sear it» This forms a hard lump^ 
on the end and pi^vents it drawing through as at B. Be 
careful that the flame dots not scorch the knot, but only the 
stumped end. Then pull the line through and tuck the knot 
in ite hollow, put on the ratchet, etc., and fasten up •the fusee 
again. Fig. i6 shows how the barrel end of the line is fixed. 
First windthe new line up on fhe fusee with the fingers until it 
is filled, and allow four inches to spate. Cut it off here, and 
insert the en^into the three holes in the barr^ as shown, in 
hole Mo. I out of Ijple Jlo. 2" in hole No. 3, and*under and 
through the inner loop A. Draw the end through, cut off and 
8C^r*with i match as before. Then push the gut back as far 
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as it will go, and work the knot tight, taking up all slack. 
Finally well oil the line from end to end, it keeps ^)ut damp 
and preserves the gut. 

It may here be remarked that gut lines arc best kept in oil, 
it preserves them and keeps them pliable. 

Hands. —Broken hands must be replaced, hwi* 7 nay be 
repaired by soldering a little slip of mainspring steel behind 
tl|em and washing the solderidg acid off wellVith water to 
prevent rusting, see Chap. IT. If brazing is used a stroc^er 
job is made and the hand may be repolished up and blued 
after the repair. New hands usually req,’iire a little filing out 
of their centre holes to tit them and will need po special in¬ 
structions. 

Rusty hands must have the rust filed right out, resting the 
hands on a block of cork screwed in the vice. Smooth them 
with emery buffs, first a No. i, finishing with about a Jj, the 
finest, this will leave nearly a polish. Be careful not to touch 
the surface with the fingers if a nice blue is required, and blue 
them by holding gingerly over a spirit lamp flame and colouring 
evenly from end to end. This is a tricky job, and if a failure 
at first, buff off the colour and begin again. A few tries will 
enable it to be done fairly well. After blueing, to prevent 
rusting again, if in a damp place, a coat of thin varnish or 
lacquer may be given. 

Broken Wheel Teeth.-— Broken teeth seldom occur in 
these clocks, but are fairly easy to replace. Fig. 17 shows the 

^ ^ 

Fig. 17.—Replacing a Broken Tooth. 

process in three steps. First file a slot as at A, tWe width of 
the tooth and as deep as the wheel rim allows without undue 
weakening. Then file up a piece of brass and soft-solder in as 
at B. Wash off well in water to rernove the add, and file up 
the new tooth as at C. 

Rusty or Worn Pinion Leaves.— Rusty pinion leaves 
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must be scraped by a hard steel scraper such as a graver, or screw¬ 
driver bl^de, and may be scoured out by emery and oil mixed 
to a paste and applied on a peg as a rubber. A good washing 
in petrol is required after, to remove all traces of emery. 
Emery is a good cutting agent, but bad stuff to leave on any 
part of.a clock, it continues to cut and will weai out the parts 
rapidly if allowed to remain. Worn pinions aie generally cut 
into little holltiws just where the wheel works, and as a pinion 
generally has plenty of length, tUe wheel can be moved a triTle 
so^s to work in a diffeient spot. This can readily be done by 
bending each arm a trifle m<the direction desired, making the 
wheel slightly cap-slTapcd. Another* method is to turn the 
pivot shouldc^ (^f one pivot back a little so as to let that pivot 
further through its hole, and put a collet or washer on the other 
pivot and so move the wheel and pinion bodily. Or instead of 
a coll^ on the pivot, a “ raised bu.sh” may be put in the pivot 
hole (see Bushing Pivot Holes). After treating thys, the wheel 
teeth will work in an entirely new pait of the pinion and the 
latter will be given a new life, do turn a pivot shoulder back 
requires either a small lathe or a pair of clockmaker’s “ turns,” 
information on the use of which is given m Chaji. IV. 

Worn Pivots. —When a clock runs after the oil has dried 
up, the pivots wear badly and jre often cut to half their 
original thickness. The cutting or wear is 
generally uneven, being in ridges, with a kind 
of mushroom end left on as m Fig. 18. Such 
pivots must be made smooth and parallel once 
more. The only proper method is y;o turn and 
polish them in fktbe or turns as in Chap IV. ,8_worn 

But rather than leave tf^m alone, if no lathe i\vot. 

or turns are available, lay the pivot in a 
groove in a piece of boxwood screwed in the vice, and holding 
the pinioi^in the fingers, very carefully file them smooth with 
a fine and sharp file, afterward? smoothing them with a emery 
stick and finishing with a hard stiel burnisher well oiled. 
They must b^kept as round and parallel as p<^sible. After 
such treatment the^ivdl holes will require re-biAhing to fit 
the reduced pivots. In renovating worn pivots, they must be 
smoothed until fhe marks of wear are gone, but should not be 
^dfleed in diameter more than^is absolutely necessary, as a« 
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pinion has only two pivots, and when they are gone, to replace 
them is difficult. Still, this point will be reached at last, when 
a pivot is so rusted or worn that it is too thin for use, or when 
a pivot is accidentally broken off. Then there is nothing for it 
but to put a new pinion entire, oi drill up the arbor and fit a new 
pivot. If the other pivot is also badly worn and the pinion 
leaves as well, a new pinion is the best remedy. But if the 
pinion leaves and the other pivgt are still servic|'able, the best 
course is t(j drill a central hole up the arbor 
n in a small lathe, or by hand, drive in a plug 
^ made of a haj'dencd and tempered steel 
needle^ (see Chap. I¥.) and upon it turn 
a new pivot. Fig. 19 shows tlic process. A 
C shows hole drilled up centre, B the plug 
inserted and driveij tight, and C the new 
^%?okcn pivot. Before drilling it is advisable to soften 

the end of the arbor by heating it nftirly to 
redness, so*'as to be able to drill it easily. When finished 
the discoloration caused by the heat may be removed by a 
J emery buff stick. 

Bushing Pivot Holes.— When pivot holes in ^rass 
plates wear large or when pivots get worn and have to be re¬ 
smoothed and polished, the pivots no longer fit, but have side 
t play that renders the “depths” unceitain. A “depth” in a 
clock is the action between the teeth of a wheel and the leaves 
of a pinion which it drives. The teeth of a wheel .up to a 
certain point—“the pitch circle”—are straight radial lines 
«drawn from the wheel centre. Similarly the pinion leaves ar^ 
straight lines up to the pifeh circle. Beyojidcthe pitch circles, 
the wheel teeth are curved to a point and the pinion leaves are 
rounded. When a depth is correct, the pitch circles of wheel 
and pinion roll upon each other. When a wheel is driving, it 
is the curved portions of the wheel teeth that act upon the 
straight portions of the pinion haves. Fig. 20 sho^s a depth. 
AA and BB are the imaginary “ pitch circles.” A depth 
will only run properly and transmit the power evenly and 
without lo^ wflen pitched like Fig. 20. So it isfmporta^t that 
pivot holes should be in the exact positic^i required and that 
the pivots should fit the holes perfectly. ® « « 

For bushing holes, “ bushing wire ” is sold in lengthsw It 
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is round brass wire drawn with a central hole in it like Fig. 21, 
and can be obtained in all sizes to fit all pivots. Select a piece 
the hole in which is a littl^ too small to go on the pivot, and 
with a file slightly taper its end. Then broach out the pivot 
hole large from the inside'of the plate until the bushing wire 



can be ins(?rted, Tden drive in the f^ire tight, cut it off level 
on both side^, siightly rivet it, and finish it off fiat and level with 
the surface of the plates by filing, and finally jiolish it smooth 
with polishing paste. A new oil-sink can be cut by a large 
drill ^ilade and finished with a round chamfering tool (see 
Chap. IV.). A much neater and better way to bush a hole is 
to use a clock or watch lathe. Hold a piece of flushing wire 
in a split chuck and turn it tapered and cut off a small length. 
If the centre hole were always quite true, the bush could be 
fini^ed at one chucking, but it is not to be depended upon. 
Therefore, take the small bush thus made in the rough and put 
it on a turning arbor in the lathe or turns, and turn it true to 
the centre hole, tapered and hollc^v on each end face, so as to 
facilitate riveting the edge over. Then if the hole is opened* 
out just to the right size and the edge bevelled off a trifle, the 
turned*bush can be inserted and riveted in flush and. the job 
will be almost finished, as it will be so neat and smooth, as 
well as quite true. This method is Jay far the best as it doeS 
not alter the depths which the hand-filing method is apt to do, 
and it is quite as quick, time being saved on the finishing. 

► If before bushing a hole, the depths are carefully examined, 
if one is shallow or deep, it can be corrected at the^ame time 
by filing jjfit hole towards the shallow depth or away from the 
deep depth before finally broaching it out to fit the bush. Then, 
when bushed, the faulty depth will be Corrected at the same time. 
^Iways afteiibushing a hole, spin the wheel itself between 
She ^tes to see if jt is* quite free and has propar endshap^ 
Each wheel in the clock must have just a little endshape or it 
is Ijtible tb tighten up. In finally opening out a bushed bole 
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to fit its pivot, care must be taken that it is upright by sighting 
the broach from two positions. 

Worn Pallets. —The qucstlonis sometimes asked, how do 
brass wheel teeth wear hard steel pallets ? The answer is that 
it is not the brass teeth that do it, but the dirt or rust powder. 
The oil on the pallets colleris the minute particles of,dust in 
the air. This dust is of all kinds, some soft and incapable of 
doing harm to the steel, other particles are hart^ and capable 
o^ cutting like emery powdyr. 'J'he mixture finding itself 
between two surfaces, tlie brass tooth point and the hard sf^’el 
pallet, imbeds itself by the pressvre in the softer of the two, 
viz. the teeth points, I'vh.ch then act as polisiiing tools 
charged with a cutting medium and wt'araway yi^steel pallets. 
Or when the oil has dried up, and rusting commences, the red 
rust jiouder imbeds itself in the samg way in the brass and 
cuts the jiallets. Tiom this it follows that a clock kegt free 
from dust and never allo\\ed to lun until the oil dries up, will 
.not show wiKu upon the junions, ]nvots, or pallets; and such is 
in fact the case. Many such clocks after going fifty years show 
only a brightness upon the steel suifiices. Clocks are worn 
out by dirt and rust, and not by the \\ear and tear of goin^. 

When pallets are worn slightly, the wear marks can be 
buffed out with emery sticks, finishing with a using strokes 
i*the direction of wear of the pallets and not across them. An 
,emery buff, however fine, leaves a slight “grain” on the steel 
like parallel lines or ridges in the diiection in which the buff 
is used, and if these ridges go across the pallets, they ieave a 
fine ribbed suiface that is apt to act as a fine file, and not only 
increase the fiiclion, but wear away the teeth points. So always 
buff in the direction of wear of the teeth points 

If the pallets are deeply worn, buffing out the wear marks 
will so alter their shape that the depth will be too shallow and 
the back pallet pivot hole will need drawing nearer to the 
escape wheel and bushing as described earlier in this chapter. 
In such a case it will be best to*inove either the escSjpe wheel 
or the pallets along their arbors so as to bring the action of the 
teeth on to a fresh portion. The pallets are g^eraUy, W44e 
to iyilo4 of two such moves, c»ie on 
cehtral position. Some pallets ar^* merely diircfe on 
their steel arbors and can easily be moved. ’Others require 
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the brass seatihg moving bodily. The brass collet on which the 
pallets are seated is generally soft-soldered on the arbor and can 
be warmdd and moved a little. Or the arbor may be moved 
bodily by a raised bush, or the escape wheel may be bodily 
moved by the same means,•and if its pinion is worn as well, which 
not infrequently happens, the one move will correct both faults. 

A i^ir of pallets will finally reach such a stage that after 
being shifted for wear several times and after being repeatedly 
buffed smooth, they are still .deeply worn and the depth is 
very shallow. Then resort can,be had to “ facing.” Thi» is 
really a very good way of treating them, and consists- of soft- 
soldering two pieces of W2»tch mainspring on their wearing 
faces. Tlfe pallet surfaces are first biffied bi ight and clean, and 
“ tinned” with#older over a spirit-lamp tlamc. d'he two little 
pieces of watch mainspring are buffed bright and “tinned” 
also. Then one by one they are laid on the pallet faces, 
warmgd until the “ tinning” melts, and [iressed down close till 
set. A good washing in water will prevent rusting. The surplus 
mainspring is trimmed off all round by filing and buffing, and 
the acting surface’s of the faces polished with a ;j buff. This 
makes a thoroughly good job. 'I'he 
surfaces are then blue-tempered steel 
instead of dead-hard steel, and will wear ^ > 

a little more quickly, but, on the other ^ 

hand, they can be restored aga^n and ^ ^ • 

again by soldering on fresh pieces of 
spring, which is only the work or a lew 
minutes. Fig. 22 shows a pallet thus “faced.” 

The escai)ement (wheel and pallet action) of a clock is a 
most important part and should,be 
carefully studie(J. •The form of escape¬ 
ment used in these clocks is the 
“recoil,” so called because when an ^ 
escape wheel tooth has “ dropjx^d ” 
upon a p^let face, the continued motion 
of the pallet in the same tlirection 
causes a recoil or backwood motlbn 
r<rf escape wheel Fig. 23 shows 
J to; <^pement. ^The* escape wheel 
^ ^vels in the direction of the arrow, and 
the^iallet^ tooth first meets, A, is called the entering pallet/' 
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the other, B, is the “ exit pallet.” The pallet faces are curved 
and the backs may be straight or curved, it is imn^terial so 
long as they clear the backs of the,teeth when in action. To 
be about right (and much latitude is allowable), a line drawn 
along the face of pallet A, as shown*by the dotted line, should 
be horizontal, and a similar line across the face of pallet B, 
vertical. Then the impulses and recoils will be af about 
the right angles. 7 'he “ impulse ” is the amount by which the 
pallet intersects the circle of thd wheel teeth, an 3 is really the 
dikance through which the tetth push the pallets and through 
them, the pendulum. When pallets wear and the depth 
becomes “ shallow,” the intersection is saiall and the impulse 
diminished. If this is dfminished beyond a certgjn point, the 
pendulum will not receive sufficient impulse tcf keep it vibrat¬ 
ing. 

When a tooth point travels along the face of pallet A, it 
forces the pallet upwards and gives impulse to the pendulum. 
When the to£)th reaches the point of the pallet it “ drops ” off 
and a tooth further round the wheel “drop^” on to the face 
of pallet B. As the pendulum swings back, this tooth gives 
impulse to pallet B by pushing it outwards out of its path until 
it reaches the point of the pallet and “ drops ” off, another 
tooth then falling or “ dropping ” on to pallet A, and so on. 
So the distance moved by the escape wheel at each swing of 
tnl pendulum is half a toolJi-space and is made up of a long 
"impulse during which it drives the pallet before it, and a 
short “drop” during which the wheel simply travels forward 
free until the next tooth comes into contact with the palfet face 
and is arrested in its motion. The “impulse” is work done, 
t.c power transmitted to «lhe pendulum, but,the “drop” is 
power wasted, i.e. it does nothing to\fards keeping the 
pendulum going. It follows that the smaller the “ drop ” and 
the longer the “impulse” the better the clock will go. A 
little “drop” is necessary to ensure that the pallet points do 
hot catch the backs of the escape wheel teeth. More than 
this is wasted power. in tffese and all escapements, the 
depth should be adjusted so that the “ drops ” are as small as 
pfpi to 4)e and they sl^uld be 

is too much “ drop ” on to the face.of JL it 
that the tooth escapes from pallet B too quickly, or that palijet 
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B is too short. This can be remedied by bringing the pallets 
bodily Ipwer down and nearer to the wheel. If a tooth 
“ drops ” too much on pallet B it shows that a tooth escapes 
from the point of pallet A too soon. To equalize matters, 
buff a little more off the point of pallet B, which has the effect 
of giving more “ drop ” upon A also. Then both pallets will 
have too much “ drop ” and it can be remedied by bringing the 
pallets a little nearer to the wheel as before. 

^ Damaged Escape Whael Teeth.— The teeth of •an 
escape wheel should be thin at the ])oints, all of exactly equal 
length, and equally,spaced*. Wheels of the pattern used in 
these clock^have teeth with curved Tront surfaces and straight^ 
backs. WherP a new wheel is cut, the backs are all equally 
spaced and wear of the points only affects the length and not 
the spacing of the teeth. So in repointing up injured teeth, 
file tnly on the curved surfaces and leave the backs alone. 
This will leave the wheel equally spaced, but,it may have 
some short teeth^ Such a wheel needs *’ topping.” To “ top ” 
a wheel, run it in the turns or between centres in a lathe, and 
taking a very fine file, and steadying it on the T-rest, lightly 
tow:h the teeth points as the wheel revolves rapidly under it. 
This cuts them all down level and w’ill leave little flats upon 
those that w’ere longest. These will require a little careful 
filing with a curved file (J round^or “crossing file ”) on tUtir 
curved surfaces to point them up. After “topping ” a wheel 
the depth will be made a little shallow and the pallets will 
require bringing nearer to the wheel again by drawing and 
bushing the pivot hole or holes. Another way of deepening a 
pallet depth is to lower the back cock which holds the baeV 
pallet pivot. This can be done by bending its steady pins 
upwards and drawing the screw holes a little. Or for a gross 
alteration, the steady pins nriay be filed off, the screw holes 
filed oval, and the depth adjusted until correct, th§n the cock 
may be #e-steady pinned in a^fresh place. 

Pendulum Suspension Spriflg, etc.—A new pendulum 
spring ma^ be either bought, o|made frota jlifi 
A stiff watchspring is ♦oo 

theise clo(^. The spring should be straight and fine. A 
ih it is fatal and will cause the penduluifi to ** wobble ** 
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as it swings and stop the clock. The spring should be quite 
tight in the top of the pendulum rod. In case of breakage 
and loss, the length of the spring maj^ be ascertained Ity noting 
where the pin of the crutch worked in the pendulum slot. It 
w'ill have made a mark. Then make*the new spring to bring 
the pin to the old mark again, otherwise it may not be possible 
to regulate the clock. 

If the rating nut at the lower end of the pendulum does not 
“bite,” a new nut may be made a little smaller in«the hole and 
then end of the rod re-tappe^. Hammering up the nut Jp 
tighten it is of little use. Or a new tapped end may be fitted 
to the pendulum. It is merely a piece of brass soft-soldered 
into the pendulum rod anil is soon replaced. 

The crutch pm must be smooth and biirni‘»idll and quite 
firm in the crutch. The crutch also must be firm upon the 
pallet arbor, or much of the impulse vull be lost. The pin 
should be quite free in the pendulum slot, but should Jiave 
little or no side play in it. d'he slot itself should be smooth 
and well burnished inside, and slightly rounded to prevent 
binding if the pendulum rolls a little. 



CIIAI'TER IV. 

SPECIAL TOOLS AND PROCESSES. 

In the fT)rcgoing chapters refercnCcs have been made to#> 
various toofsj^etc., used by clockmakers, and to several 
j)rocesses, such as solJering, liardcning and tempering steel, etc. 
Before proceeding further it will be best to desciibe them. 

• 

Hardening and Tempering Steel.— Steel.possesses the 
peculiar property of being capable of many degrees of hardness, 
arid it is by taking advantage of this fact that tools are made 
to cut. Thus soft steel can be cut by tempered steel, and 
tenjpered steel by dead-hard steel. Steel rod bought from the 
metal warehouse is soft or in its natural state. It can be made 
a little softer by heating to redness and allowing to cool slowly, 
or by heating to redness and allo*ving to cool until no red is 
visible in the dark and then plunging into water. This is 
termed “annealing.” In this soft state it can be easily bent, 
cut, filbd or turned, and tools are made by this means. When 
a tool such as a lathe cutter or drill is thus made from soft 
steel, before being of any use, it mi*st be hardened, and this is 
done by healing Ifo redness and plunging into water. High 
grade steel such as tooi steel will haidcn at a dull red heat, 
medium steel must be made a bright red, and mild steel- 
requires to be made white hot. But the less the steel is 
heated, less it is burned on the surface and the tougher it 
will be when hardened. Softools ^re made from steel of a 
high grade. 

; hardened, the surface black scales pfif; intp flia 

patches aijfi shows a white surface underflfeath, y TJa# 
Is ^at the steel has been successfully hardened. A 

coaclusivfe test*is to try to file it. If soft, it can be filed; if 
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hard it cannot, as the file itself is only hard steel, and both 
being equally hard, the steel cannot be cut. But in this 
dead-hard ” or “ glass-hard ” condition it is far too brittle 
for most purposes. It is only useful for cutting or drilling 
tempered steel. For any other purpose it must be “ tent[:)ered." 
Tempering consists of heating it again gradually and is really 
a partial softening process. A dull red heat, the hardening 
heat of good tool steel, is about looo^ Fahr. If after 
hardening as above described, th^ steel is tempered by heating 
to half this heat and allowing to cool, a sort of semi-softenin^^ 
is obtained which renders the steel about mid-way in hardness 
between soft steel ” and “ dead-hard %teel.” As a clean 
♦bright piece of steel is l?eated gradually, the surface shows 
certain colours in succession, and the heat afncf degree of 
“ temper ” can be judged by watching the colours. It first 
assumes a pale straw tint, then darker, Jmd purple, daik blue 
and light blue in succession. A pale straw tint indicafcs a 
temperature of 450° and is the temper for punches, drills, lathe 
cutters, taps, etc. At this heat the hardness^ does not suffer 
much, but the brittleness is decreased and some elasticity given. 
Purple or dark blue indicates about 560'^ and is the temper for 
springs, screws, etc., and steel parts in general that are requii^d 
to be tough, elastic, and to wear well, and includes all pinions, 
pivots, and arbors in a clock. A dark blue is the temper that 
^ives steel its maximum of eksticity. But this temper is too 
soft for any cutting tools. Straw-tempered steel can hardly be 
touched by a file, and a few strokes would completely spoil the 
file. Blue - tempered steel can be turned nicely by hard,*sharp 
tqols and filed with care if fine-cut files are used, but it is 
difficult to drill and impossible to tap, cut, screw threads 
in or upon. It would simply spoil the screw^ plates and taps. 

When tempering it is advisable te have a dish of water 
handy in which to plunge the steel as soon as the colour 
indicates thi: correct heat, as the heat travels along the metal 
and is apt to make it softer than is desirable. It is in^aterial 
as far as results are concerned whether a piece of tempered 
steel is allow^ed to cool slowly or is cooled by dipping in water, 
water is onlf useful to prevent the J;ieat increaaing 

An exadjile or two will be given. Sujjpose a drill ^haa 
been made from tool steel rod as describe^, later in this 
chapter, it is held in a gas flame until the blade end is* red-hOj. 
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Then it is withdrawn instantly and quenched in water. It is 
tested fqr hardness, and if hard, tempering is taken in hand. 
In hardening steel ther« are no intermediate degrees of 
hardness. Either the steel is hard or it is quite soft. If 
red-hot when dipped in the water it will be hard, hence the 
quickness necessary when hardening a small article like a drill. 
Passirfg through the air from the gas flame to the water cools 
it, and it is not desirable to over-heat m the flame, so the 
water shoulcf be held as close* as possible to the gas flame, and 
Use drill withdrawn from Ihe fkme and plunged in the water 
with a very quick motion. So in testing for hardness, no 
doubt ne^d be entertained. If it ^an be filed, it is not hard. 
But an insjicction will show with equal conclusiveness. Ifr 
scaled white iT is hard; if not, it is still soft and must be tried 
again at a slightly greater heat. 

When satisfied that it is hard, take an emery buff and 
brigliten one flat so that the colour may be watched. Then 
have a cup of water handy close to the flame ready to dip, and 
hold the drill stejii just behind the blade, in a spirit-lamp flame, 
and watch the colour. It will become a straw tint in a 
moment or two and the tint will travel towards the drill point. 
Instantly plunge it in water to arrest the heat. The result is 
a straw tint at the dull point or blade, getting darker as it goes 
down the drill stem, and so giving a hard edge and an elastic 
stem that will not readily breal# or twist off. If it had been 
tempered by the reverse process of heating the blade in the 
flame^until a straw tint appeared and then allowing to cool, the 
blade itself would have cut quite as well, but the drill stem just 
behind it would still be hard and liable to break off and leaye 
the drill bladi in the half-drilled* hole, a contingency to be 
avoided, as nothing is more annoying. 

Take a clock screw.* New screws are made from soft steel, 
and if used soft, the threads are liable to damage and the slots 
get burred and cut by the screwdriver. ThtA'efore it is 
desirabk to harden and temper them to resist wear and give 
the maximum toughness. \ piec^ of binding wire is twisted 
round it, and it is held in a gas flame until red-hot, then 
quickly plilhged in w^ter to harden, tested tand dried. Its 
4 ie^& is then brigl^ened on the top to show the^olour and it 
is placed upon a “ blueing-slip.” This is a slip of thin sheet 
J[yfass upon which small steel articles are laid to heat them for 
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tempering. It has several holes of rarious sizes through 
which screws, etc., can be put with their heads restir.g on tl.c 
slip. Placed in a hole in the bliidng-slip, the slip is held 
over a spirit-lamp flame until a deep blue colour appears on 
the screw-head. The screw is then instantly tipped off the 
slip and allowed to cool. 

The brightness and beauty of the blue surface will (Jepend 
wholly upon the smoothness and^ degree of polish,of the steel. 
If Jhe screw will be visible and is desired to look nice, it 
must be smoothed and polished while hard, or else fin. 
tempered as just described, then jtbe head filed or turned to 
shape and size, smoothcc^ and polished arfd re-blued finally to 
'"give a nice finish and appearance and also a protection from 
rust. A blue surface does not rust as readily as a bright one. 
Similarly with a clock hand. It shoyjd be smoothed and 
polished and then laid upon a blueing slip and “ blued.” 
Blueing can be done without previous hardening and *15 so 
done in the. case of hands and some other paits, for appearance 
merely, but the blue is not so good or lasting, and of course 
the metal itself is still quite soft. Blueing soft steel does not 
harden it. 

Again take a pair of pallets for a skeleton clock. Hbre 
the object is to harden them glass-hard to resist wear and take 
a high polish. Brittleness is no special drawback. They are 
therefore held by a piece of ‘’binding wire in a gas flame until 
red-hot, then plunged in water and smoothed with emery buffs 
and polished, no tempering whatever being done. 

Hardening Brass. —Brass is one of the softer metals, 
an alloy of coppef and zin6' in the proportion of about two to 
one. Brass rod and sheet and brass castings as bought from 
the metal merchants are soft, and for 'many purposes are used 
in this condition. The castings especially are soft. Rod and 
plate beiiigTolled or drawn are harder, for brass is hardened 
by -pressure closing its particles together more tightl^'. The 
pressure may be applied bp hammering, rolling between steel 
rollers under heavy pressure, or by drawing through draw- 
plates as in the case of thin rod and wire. I'hus Foiled s|j,eet 
brass for clock plates is further hardened by hammering. 
Wire can be made hard and elastic for making special springs, 
etc., by drawing down smaller through draw-platf®. A small, 
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piece of wire to make a clock pin or for some similar part can 
be hardened by hammering or by twisting it, which excils 
pressure Dy a tightening-up process. Very thin brass may be 
hardened by burnishing it on a hard steel surface. A small 
piece of sheet brass for making a spring like that under the 
cannon pinion of the skeleton clock is hardened by hammering, 
then bent and filed to shape. 

If it is required to soften a piece of hard springy brass, as 
when a piece of \vire is to be hammered flat, or drawn or 
lulled out, it is heated nearly to a dull red and allowed^ to 
cool. 

Thus, if a piece r^f thick'sheet bra^s is to be hammered out 
thin, it is!ii.<jt softened, then spread with the hammer until it. 
becomes too ^ard to spread further, softened again and re¬ 
hammered, and so on until it is of the required thinness. So 
with wire that is to be'*drawn many sizes smaller. After each 
time aof drawing through the plate it is softened afresh. If 
this were neglected, it would become hard and brittle and 
incapable of bein^ fuither drawn. 

Gold, Silver and Copper.—These metals, used occasion- 
all3t in clocks and their dials and cases, are all worked by the 
same methods as brass, being hardened by hammering, draw¬ 
ing, etc., and softened by heat. Gold especially is capable of 
being softened and hammered out^o extreme thinness, possess¬ 
ing great ductility, and can also be made very hard and elastic' 
by hammering. It is a good material for thin springs, even 
the hairsprings of watches have been sometimes made of it. 

Soft-soldepng". —This is a co-ivenient method of uniting 
metals, but has no great strength. Its ^prihcipal advantage 
lies in the ease with Mhich it can be done and undone when 
required ^nd the low degree of heat necessary, which is less 
than that of blue-tempered steel. Hence it follows ihat spring 
steel cai^ be soldered without softening it and destroying its 
elasticity. By soft solder is” meant tinman’s solder, mainly 
composed of lead and tin. The process is simple and consists 
of brighteniig and cleaning the parts to be united, by filing or 
scraping and cleaning from all traces of grease by pWrol. Then 
the surfaces are “ tinned,” i.e. coated with a thin layer of solder 
by*applying spidering acid as a flux and heating until a little 
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Bolder placed upon them “ flows ” over the surface. It is 
assisted in flowing by dipping a copper wire in the acid and 
spreading the solder over the surface until it “takel” nicely. 
Then more acid flux is applied, the parts brought together and 
heated until the “ tinning ” flows and then pressed well together. 
Finally a good wash in hot water is given to w^ash off the 
remains of the acid and prevent rust or corrosion. 

Steel, brass, copper, silver, gold, etc., are all thus united 
easily. • * 

‘ In clocks the process is ofcn used for repairs and is han^y 
in that they are not injured by heat or riveting, etc. The 
rating screw of a pendulum rod is' often g.oft-soldered into the 
rod. The barrel of a cldck is sometimes made bj( Soldering a 
piece of tube to the main wheel. The brats collets upon 
which wheels are mounted are usually soldered upon the pinion 
arbors, etc. 

The soldering fluid used as a flux is made by dissolving 
zinc cuttings, in hydrochloric acid until the acid will dissolve 
no more. The acid is then termed “killed,” but is by no 
means harmless. It is still highly corrosive and must be kept 
away from tools and clockwork in general. Also after sol¬ 
dering, all parts must be well washed in water, hot is t^st, 
to prevent rusting. Oiling is no good, washing is the only 
effective method. 

Brazing^. —This is a much stronger method of uniting 
metals and consists in heating to a bright red and running 
brass-spelter or silver-solder into the joint. But the ‘fact of 
having to heat to a bright red or more prevents its use in mafty 
instances. When brass is ^brazed with brass-spelter, it is nearly 
as strong as if solid. Steel united with silver-solder is very 
strong also. i 

In brazing or hard soldering,” as it is sometimes termed, 
the parts 4o be united are filed clean and if possible held 
together by pinning or binding with iron binding ^vire, A 
paste of borax and water is used as a flux and applied to the 
surfaces and to the pieces*of solder. The grains of solder are 
then laid upon ^e joint, and a blowpipe and ga%) jet used to 
heat all together until the solder runs into the joint. ©The 
heat is applied gently at first to boil up \he borax and not 
disturb the solder too much, then steadily and* ^ithout pa^ise 
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until the solder flows. The secret is to heat both surfaces 
equally, as the solder will flow upon the hottest spot. So when 
soldering Itwo parts, one pf which is thicker and the other 
thin, the thick part must have the largest share of the flame, to 
ensure that both reach thetunning heat of the solder simultane¬ 
ously. 

After brazing brass, the parts may be rehardened by 
hammering, etc., and filed up clean. Steel parts after brazing 
may with car(^be re-hardened'and tempered, but it is a little 
risjcy. 

Brass spelter is simply low quality brass, containing rather 
more zinc than usual and rans at a slightly lower heat than 
good bras^ thus enauling brass to ijb brazed. Silver solder 
is low quality %ilver—that is, silver and brass. For steel, 
standard silver, />. old spoons, parts of watch cases, etc., may 
he used for hard-solderitig and makes good hard joints. 

Cementing. —This is used to a small extent in clockwork 

parts where no great strength and tenacity are required and 
w'here heat would*be injurious. Shellac is used as a cement 
and the parts to be united are cleaned, warmed until a flake of 
sheljac will run upon them, and brought into contact and 
allowed to cool gradually. The heat required is a little 
greater than that of boiling water, say about 250“, so it hurts 
nothing; even soft-soldered pa|^s can be cemented with 
shellac. It is used principally for cementing pallet stones into* 
their holes or recesses. 

Th^ chief thing to avoid in cementing with shellac is over¬ 
heating. The shellac must only be warmed until it runs 
nicely, and not heated until it boils, .or it becomes brittle and 
loses its adhesive tpower. In re-cementing parts that have 
given way, all the old shellac should be removed and new 
applied. 

Frenf h Silvering. —This process is used in clockwork for 
dials, etc.* It has no great wearing properties, but yields a nice 
white silver surface and only consunlbs a microscopic quantity 
of ffilver. Pi^tected by a layer of thin lacquer, jilvered surfaces 
last. Many years and shcAv up black figures and Ititering very 
well. 

•The pFOces^is to clean and prepare the.surface of the bras% 

D 
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then rub on the silver in the form of a paste, and well wash, 
dry and lacquer. 

The paste is made thus:—disso|ve some nitrate 6f silver in 
water and add salt to precipitate the silver to the bottom. 
This is chloride of silver and should'be separated and washed 
and allowed to settle. The water is poured off and the mass 
mixed with salt and cream of tartar into a paste. The dial is 
cleaned with bath brick and water and rinsed, then rubbed 
with salt and the paste lubbcd all over wHh cross and 
circular strokes, using a pad pf clean rag, until a white surfi^ce 
is produced. The dial is then well washed, dried, and 
lacquered. The appearance will depend^a great deal upon the 
quality of the surface ofVhe brass. The brass shcfuld not be 
polished, but given an even grain. After balk firick, pumice 
powder may be used, rubbed in one direction only, straight 
across; this puts on a grain all in oner direction which looks 
well when silvered. The very finest emery cloth will al^ give 
a good even grain. 

Grinding and Polishing. —The usual cutting materials 
in use are emery, pumice, bath brick, rottenstone, oilstone 
dust and crocus or red stuff. Emery will cut hard steel ^nd 
is used principally in the form of buffs, that is, flat wood sticks 
covered with emery paper. It can also be used for flatting 
plates in the form of powder mixed with water and used on a 
irush or a wood rubber. Pumice is generally used for 
polishing brass, as a powder, mixed with water and applied 
with a rag pad. Bath-brick is used in the same manner on a 
rag or brush, or sometimes, to flat a plate, it is rubbed on in a 
solid block, with water. I^ottenstone is mixed in a paste with 
oil and used on a brush or rag. 

Oilstone-dust and red stuff'are use^ to polish steel, and are 
mixed with oil into a paste and used on soft steel polishers. 
Oilstone-dust cuts quickly and smooths out filing and turning 
marks, leaving a fine grey surface. Red-stuff appli^ to this 
grey surface produces that high* polish seen on the steel work 
and pivots of good clocks.* 

Tools.Fig. 24 shows a “broach^’ for opening outiioles 
to any required size, clean and round. • They are 5-sided 
hard-steel tapered rimers and are used with *011, hy turning 
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round and round, or backwards and forwards in a hole already 
drilled to enlarge it, or to make it smooth inside. They may 
be purchased from the thjckness of a hair (a watch pivot 
broach ”) to \ in. or more in diameter for opening the barrel 
holes of large clocks. It is the practice in clock-making not to 
drill a hole quite as large as reipiired, hut to use a drill a 
shade smaller than the hole wanted, and “ broach ” it tQ size. 



Figs. 2f —Broach ; #5 —Pmvlce. art — Haidvice; 27 —Round Chamfering 
'luol^ 28 —Sliding Tongi, 


Broaching smooths and hardens the inner surface o^ the hole, 
and as i^ is broached, any want of uprightness, etc., can be 
corrected by bearing upon the broach more in the direction 
required. 

Fig. 27 Lv round ‘‘chamfering” tool and is used to just 
take #ff the burr or sha^ edge from a broacned^iole. It is 
simply pressed uporf the hole and turned with the fingers. It 
wilkalso bevel me inner edge of a hole to take the riveting 
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when inserting a bush, or cut an “ oil sink ” around the pivot 
hole on the outside of the plate. * 

Fig. 25 shows a ‘^pinvice." This is a small vi6e with a 
long handle for holding in the fingers. Its name indicates its 
principal use, which is to file pins ol thin wire or rods. To 
file a pin tapered for inserting in a pillar, etc., the pin is rested 
in a hollow or groove in a piece of boxwood screwed into the 
bench vice and revolved with the fingers as the file goes across 
it. This keeps it round and true. The finger tAid thumb are 
plifced on the stem handle, aiKl as the file is pushed forwajji 
the pinvice is revolved forward to meet the file ; as the file is 
drawn back, the pinvice is revolval bacl<^vards also in opposi- 
jtionto the motion of the hie. A little slow practice e'hables the 
trick to be acquired. This is usually the fiAt lesson of a 
clockmtiker’s apprentice. 

Fig. 26 shows an ordinary small “ htmd-vice,” which, as its 
name implies, is a small vice between a pinvice and a tench 
vice in size, made to be held in the hand. It is useful to grip 
a piece of metal for filing, etc., or to hold a large broach so as to 
get more power than can be obtained by using the usual small 
wood handle. Also for holding a barrel abor when letting 
up or down a mainspring and many other similar purposes 
where a strong grip is required. 

Fig. 28 is a pair of “ sliding-tongs,” a tool peculiar to watch 
and clockmakers. It is usfful tp hold a larger pin or rod 
than can be got in a pinvice, to hold small parts while filing, 
drilling, or broaching them, and to grip tight pins, etc., to 
draw them out. Its manner of use is evident frftm an 
inspection. 

« 

Drills and Drilling.— Clock drills are bought ready made 
in running sizes and with shanks of ^ standard size to fit the 
regulation drill-stocks and lathe chucks. Also twist drills can 
bethought, for use in the lathe, and cut very clean round 
boles. Two methods of drilling are in use; the ol(JjWay by 
means o^ a “ bow” which gives*a to-and-fro motion, and by 
means of a lathe. The ‘lathe drills more rapidly and cuts 
cleaner mainly pecause the motion is continuous and in one, 
direction, ewsing the drill to cut a lorfg shaving. The btw is 
handy in that it requires no special fitting flp, the work being 
held up to the drill by hand, the back centre of !he drill resting 



DRILLS AND DRILLING 


37 

in a hollow in the side of the vice jaws. Fig. 29 shows this 
method. *A drill is not a difficult thing to make and the old 
clockmakers always made their own., A piece of steel wire is 
taken a little smaller than^the required drill. It is heated to 
redness at the end and hammered flat where the blade is to 
be. Then it may be filed up to 
the correct shape and the blade 
alone hardened. An emery bi;ff 
will brighten it and it may be 
tempered to a pale straw colour* 
to make it less brittle. 

A few,clockmakA-s use an 
archimedian ^l^illstock, but the 
method is not a very satisfactory 
one. 

For drilling brass a very 
sharp Tlrill is required and good 
lubrication. For drilling steel, 
considerable pressure is needed 
but not such razor-like sharp- Fin 29 — DiillirifT with .T Bow. 
ness. Tempered steel is very - 1, 

diffftult to drill and needs a sharp dead-hard drill, quite 
untempered and lubricated with turps. To drill soft metals 
like gold and silver, a very sharp drill must be used and 
waters to lubricate. Every few tutns the drill must be with-, 
drawn, the blade cleared and the hole cleared out, or the drill 
will choke with the cuttings and break in the hole. The same 
remark applies to drilling hard wood such as ebony, or in 
drilling ivory, though no lubrication is necessary in drilling 
these substance*. 

Taps and Screwplates. —Making screws arid cutting 
screwthreads is an important part of either clock making or 
clock repairing. It is true that screws are generally bought 
ready m^de, yet one .has to^be made sometimes, and it is 
frequently necessary to screw pins, eto^, into holes, and all screws 
require threads cutting in the holes to receive them. This* 
proems is caffed “ tappifig ” a hole, the thread* bemg cut by a 
“ tap. A tap is a fiiece of hardened and tempereS steel with 
a screw thread eut upon it and having several flats or grooves 
^jymg it cutting edges, The hole is opened out by broaclung 
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until the end of the tap will just enter. The tap is then well 
lubricated with oil and screwed into the hole with ^ome force 
and pressure. Its cutting edges crfable it to cut its way in as 
it IS turned round, and being slightly 
(—— Upered* it gradually cuts a clean 
Fic. 30-Tnang .lar Tap dccp thread. Fig. 30 shows a tap 
as used in clockwork. 

To make a tap, a "screw-plate” is required. This is a 
plate of hard steel having a series of graduated noles, cut with 
a*^screwthread. Fig. 31 shcAvs a screwqdate with plain holes 



Fig. 31 —Plain Screwplate. 

for cutting threads up to jV in diameter. For larger screws a 
different kind of jilate is used, in which eadi hole has inside 
cutting edges, as in Fig. 32. The pattern of plate shown in 
Fig. 31 simply forces a thread upon the screw by burnishing 
and pressing into the hollows and forcing up the threads. 
Such a method is only suitable for small work. For anything 



Fig 32.—" Cutting ” Screwplate. 


larger it is necessary to actually cu( the threads out, and the 
pattern of plate shown in Fig. 32 does this^ the two holes,at the 
sides receiving the cuttings. 

A short length of tool ste^l rod is taken of a fize a trifle 
larger than the tap requited. It is first thoroughly softened by 
annealing. Everything that is going to have a screwthread cut 
upon it m^t be made as soft as possible or thelihreads^^n the 
holes of tfie plate will be blunted and sfioiled. The steel is 
then held in a pinvice or hand-vice according to its size, and 
slightly tapered by filing until it will just enter the hole in4jie 




MAKING TAPS 


39 


screwplate. It is then well lubricated with oil and farced in, 
gradually using some pressure, but being careful not to over¬ 
strain it and twist it off. • As soon as it goes hard and shows 
signs of binding, ease it back a half a turn, re-oil and turn 
forward again, proceed thtis, casing back half a turn and forc¬ 
ing forward a turn, and so on until a good deep thread of full 
size is Cut for a sufficient length. If the steel will not tap far 
enough on account of its thickness, withdraw it and reduce a 
little by filing’and proceed again. When cut far enough, file it 
d.own triangular, like Fig. 30, by forming three flats upon'it. 
Let them come nearly to’ knife edges at the extreme end and 
extend uj3 eight or j^n thitads. Tjnen pass the tap lightly 
.through the plate again to remove burrs, and heat it in a gas 
flame to a godM hardening heat and quench in oil. Harden¬ 
ing in oil produces greater toughness than using wat^, and 
toughness in a tap is essential. 

VWien hardened, brighten the flats with a fine emery buff 
or on an oilstone, and temper it to a full straw colour. After 
tempering, smooth all three flats on the oilstone to give good 
cutting edges, file two flats upon the handle end so that it may 
be gripped firmly, and file upon it the number corresponding 
to 4 he hole in the screwplate by which it was cut. Thus if 
No. 6, file six notches, and so on. Always use taps gently, 
keep them clear of cuttings, and well lubricated, ease them 
back every turn or so, and keei> them sharp. Never screw 
a tap in its hole in the plate or both may be spoiled, and 
never try to tap a hole in metal that is not thoroughly soft. 

Taps are made of many shapes and patterns. Some are 
square, some have two flats, some three grooves and so on, but 
for clockwork ,in general triangult^ taps cut best Und are 
strongly recommeitded. 

If it is desired to m»ke a screwplate of a special size and 
thread and a good steel screw or a tap is available, it may 
be easily done. A steel screw may have its head filed square 
for griping and its threaded part or “ tap ” filed triangular 
and slightly tapered. Then it may^be hardened and tempered 
as a tap. For the plate, take a worn-out file. Soften it 
thoroughly and drill a hole in its centre, broaclj it to the conect 
size^nd with thejreafest care tap it with the nlifkeshift tap. 
Lubricate well^ancT use plenty of patience. Tap it from both 
sides €0 as to get as full a thread as possible. If a large azci 
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drill two other holes, one on either side, as in Fig. 32, and file 
through them with the smallest square file and see there are 
no burrs left. Then harden the plate and leave dead-hard if 
plain, temper to the palest straw tint (hardly discernible) if 
provided with cutting edges. 

Old files make splendid screwplates and often outlast the 
shop-made kind. 

Turning. —For the turningrrequired in clockwork there is 
of fourse nothing so good as a proper “ clock lathe.” This is 
usually a small reproduction of an engineer’s lathe, with a bed 
about 2 ft. long and 3 in. centrep. It may be screw-cutting 
or not, it may have a sliote-rest or not, but it must have good 
Vue fire female centres for turning pinions and f^ts and a set 
of chucks for holding rods, arbors, screws and drills, etc. Also 
a face-plate for wheels. 

Split chucks for holding rods are made in sets, qf the 



Fig. 33.—Split Chuck for Rods. 


^ Fig. 34.—Split Step-chuck for Wheels, etc. 


screwing-in variety like Fig. 33. Step chucks for holding discs 
or wheels are also made in sets, like Fig. 34. These resemble 
those used in watch lathes, but are larger. 

A watchplathe is very useful for turning pinions and pivots, 
and for drilling the smaller holes in clockwork, but« 3 ias not 
power enough for wheels, bg,rrels, etc., or for drilling holes much 
over in. diameter. Also it is not large enough to swing parts 
like a crutch, or take a main wheel \^e that of a^andf^er 
.<:lock. 

For those who do much clockwork, a proper«cloc]f lathe js 
the thing to use. Any small 3'm. centre lathe is the next 
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best, though as a rule these have only male turning centres and 
if used foj clockwork must be provided with female ones. If 
the centre of the carrier chuck is softened and a small flat filed 
on its end, an accurate turning centre can be turned hy a sharp 
graver point as it runs in the lathe, and 
deepened with a drill. The centre can 
then bd re-hardened and tempered to a 
straw colour, ^nd the result will be a female 
centre. The drilled hole must only be 
small, not so large as the smalk^st clock 
pivot, or they will stick in it and break off. 

Fig. 35 sh^ws the alt<*red cehtre and ^ilso 
iin enlarged section of the point, showing 
drilled hole air^ coned opening. 

Similarly the back centre can be altered so that a clock 
wheel can be run between them for turning its pivots, etc. 
The fethe will then be to all intents and purposes a clock 
lathe, and the sets of special chucks, though very convenient, 
may be done without and more or less makeshift methods of 
holding parts adopted. A face plate and slide rest are a very 
great convenience and will do work almost impossible without 
th^. For any one going in for actual clock making and taking 
a pride in their work, a screw-cutting lathe will be very useful. 

Pig. 36.—Carrier, 

In it the spiral grooves of barrels can be cut, fusees, screws Qf 
all kinds, and nuts may be made trife and perfect. 

As an example*of fine clock-turning, the method of turning 
a pivot will be described. Suppose the pinion to be truly 
centred in the lathe and to have the usual 
carrier affix (Fig. 36). A graver like 
Fig. 37*13 used and the piyot turned 
down to the required length and dianneter. 

A pivot should be straight and its 
shoijJder sqilare, with n«) root in it. Fig. 

38 snows a propejiiy shaped pivot at A 
an^ an ]mpeifect one at B, with no 
Ifluweness about the shoulder and a “ root ” like a lighthouse. 



Fig. 38.—Shape of Pivots. 



Fig. 37.—Graver m Handle. 



I'K. 35—Carrier Chuck 
wall i'emale Centre. 
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To cut the shoulder clean and square, the graver is held as 
in Fig. 39, while to turn the pivot down to size an^ smooth, 
the graver is held as in Fig. 40, on its side and cutting done by 
one of the bottom edges. A graver held thus cuts much better 
and more quickly than when cutting is done by the top facet 
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Fig 40.-Turning a Pivot. 


while the graver is balanced upon its bottom edge up6n the 
T-rest. On its side, the graver lies Hat and firm upon the rest 
and is at a convenient angle for turning ,a straiglut pivot. 
When a graver is in good condition, a continuous shaving will 
be cut as in Fig. 40. 

To turn tempered steel a sharp graver is required anfl it 
must be continually re-sharpened. It it is allowed to become 
dull it will burnish the steel instead of cutting in, and produce 
a glass-like surface that cantot be cut even by a sharp graver. 
When the pivot through turning with a dull graver becomes 
glazed in this manner, a fine file should be held up^n it a 
moment to cut the glaze. 

When turned to size quite straight and smooth, a fine pivot 
file followed by an oileJ burnisher will giv& a finish good 
enough for rough and common clocks. Edt if the pivot is for 
a nice clock, it should be smoothed *and polished, instead of 
filed and burnished. 

This isr done with a soft steel polisher. A strip of soft 
steel about ^ in. wide and ^7. in. thick by 6 in. long if'ill make 
a good polisher. It is slightly bevelled on the left-hand edge 
that lies next the shoulder of the pivot, and its surface has a 
fine grain put upon it by a smooth file,.to enable ft to hold the 
cutting medium. For smoothing this use ^ilstone dust This 
can be bought at the material dealer’s and is mixed.on a Wd 
steel ** stake,” into a paste with oil, clock oil is best Ti^ 
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stake ” is a slab of polished hard steel, kept in a wood or 
metal bo^x with a cover to keep out dust. The polisher is 
rubbed upon the stake to charge it with oilstone dust, and 
then used upon the pivot after the 
manner of a file, a somewhat rapid 
motion being used and a light 
pressuife. Fig. 41 shows a section 
of the steely polisher in position Fk..P oii.hinR.1 Pivot, 
upon a pivot to smooth it and 
shows the bevelled edge next ttrthe pivot shoulder. 

This will cut rapidly at first and then run smooth, doing 
very little,more worka Theh wijie thp polisher clean, re-file its 
.surface and^re-charge it and ai)ply again. About two or three? 
“ wets ” will smooth a fairly well-turned pivot and remove the 
last trace of the turning marks. 'J'he last “wet" should be’ 
worked down quite smooth till it ceases to cut at all. This 
fines»lhe surface and prepares it for polishing. 

To polish, remove the pinion from the lathe and well clean 
it from oilstone dust, as a gram or two of this will effectually 
prevent polishing. Clean the lathe back centre; clean and 
re-file the polisher, and then replace the pinion in the lathe 
anti charge the polisher with red-stuff and 01). This is mixed 
upon another stake and kept scrupulously clean. Any dust or 
grit in it will cause scratches and prevent polishing. Red- 
stuff should be mixed thick and c*ily a very little used upon the 
polisher,, just enough to charge its surface. 'J’wo or thre*e 
“ wets," of this, the last one welI-\\orked down, vill produce a 
glass-like polish. Finally a well-oiled burnisher can be used to 
harden the surface. 

Burnishingta smooth polished ^teel jiivot improves it by 
forming a very hafd skin that resists wear. But burnishing a 
filed pivot, though it m^^es it shine, forms a false surface. ^J'he 
raised portions are merely spread out laterally to cover 
the indentations and a surface of ripples is forfned honey- 
combed^undemeath. Such a surface, besides not being level, 
will not wear well. In fact* burnishing is a poor substitute 
for polishing, but a useful addition to it. A burnished surface 
shows in its true light .when it is required to»“ blue" the part 
so treated. A s^rew-head, for example, if bul-nished and' 
“jalued/Cwillvnot show a true colour, but a polished head or 
one merely left from an emery buff, will take a good colour. 
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Turning pinions and pivots is all done with hand gravers 
and the T-rest, but slide-rest work is useful in many clock parts. 
For turning a barrel arbor or a barfel, facing wheels, turning 
out their centres, making pillars, etc., the slide rest does 
better work and in less time than hand work. 

For clock lathes a “cutter bar” is very useful, as shown in 
¥ig. 42. This is a square bar as large as the slide rest will 



lOc. 42.—Cuttci-b.Tr for Lathe .Slide*rest. 


take, with a groove down each side and across the end in 
which cutters can be held. The advantage of this is that the 
cutter bar is firm and solid, and the cutters themselves maj^be 
quite small and made from f]; in. square steel rod in lengths 
of I in. to i.^ in. Such small cutters are easily filed up to 
shape and hardened and sliiirpened, and the bar allows them 
VO be held in a variety of positions, across the end as.at C, or 
down either side for right or left cutting as at A and B., 

Figs. 43 to 48 show cutters for various purposes. Fig. 43 
shows a pair of ordinary turning cutters, right and left. Then 
use is shown in Fig. 49. Fig. 44 is a round-noied turning tool 

f\ A fi A H1 
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Figs. 43 44 45 46 V 

Various Cutt^ for Fathe Slide-rest. 

for reducing the diameter of a rod and will •cut Jn eitl^i 
direction, So a cut may be made by traversing the rest aloD£ 
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the rod to the end, then deepened and traversed back again.* 
Fig. 45 is^ a screwthread cutting tool for V threads. Fig. 46 
is a “ parting ” cutter. Its ^ise is shown in Fig. 50, where it is 
shown cutting off a portion of a rod. Fig. 47 is an inside 
screw-cutting tool and F»g. 48 an inside turning tool for 



Fjg. 50 —Using Parting'Cutter. Fig 51 —Turning inside a hole. 

O 

turning inside a small hole, as, for instance, in turning the centre 
hole of a main wheel as shown in Fig. 51, A being a section of 
the main wheel held upon a face plate. 

The screwing tools. Figs. 45 and 47, are of course only 
useUil in a screw-cutting lathe. 

A pattern of lathe very useful for clockwork is that which 
has a long leading-screw under the bed, which can be operated 
from the right-hand end of the latl^e by a handle and thus make 
the bed the bottom slide of the rest. Its advantage is that a* 
long rod can be turned from end to end without moving the 
rest, anS the top slide can be used for taper cutting when 
necessary without interfering with the ability of the rest to travel 
straight along tljs bed and cut parallel. One of the first small 
lathes to give this iKl vantage was the “ Pittler,” and now it may 
be found in many makesj. 


Filing.— A file is as much a cutting tool asj a graver. 
Fig. $2 ^ows an enlarged view of file teeth. They are like 
saw teeth, or a succession of (ihisel^ one 
following the other. The idea is prevalent —« 

amo^ some^that a file^isa thing to be Fig. 52.-shapeofFaa 
rubbed to and fro over* a piece of metal > 

to wear it away after the manner of a piece of emery cloth. 
.Bui a file’needs careful and intelligent using like any other 
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cutting tool. It only cuts on the forward stroke. Conse¬ 
quently, all the attention should be diiecled to holding it 
level and keeping an even pressure^ during the forwrrrd stroke, 
making sure that it “biles.” The back stroke should be 
quite light, the file barely touching* the work, but just being 
l^ept in touch so that the level of the next forward stroke is 
not disturbed. . 

A new sharp file should not be used on steel if it can be 
avoided. The teeth are apt to *break off. Brasf, on the other 
hand, requires a new sharp or it cannot be properly cut at 
all. A file for steel should be first used upon brass until its 
newness is worn off and it begins*to cut a little more slowly. 
In this condition it is at^ls best for steelT For filing tempered 
steel, when it is absolutely necessary to do so, #-*e a file still 
more worn, one that begins to cut ordinary steel slowly. In 
buying a new file for general use, and'which has to be used 
at once on all kinds of work, it is a good plan to chaj^ one 
side a little to distinguish it from the other, and use the 
chalked side upon brass only, the other being reserved for steel. 
At least one sharp side will then be always available for 
brass. 

When files are finally worn out, they are useful for a varjety 
of purposes. They make good lathe ftand-cutters, special 
screwplates, drawplatcs, etc. Or the steel can simply be usfe(Ffor 
various purposes of clockmaking, such as pallets, etc. Small 
•round and square files make punches, chamfering tools, etc. 




CHAPTER V. 

OTHER PENDULUM TIMEPIECES. 

The skeletoi7( clock described in Chap. I. is a “ timepiece,” 
that is to say,*it merely shows the time, and docs not either 
strike or chime the hours or quarters. These latter are 
“ striking ” and “ chiming ” clocks respectively as distinguished 
from simple “ timepieces.” 

Eight-day E/iglish Dials.—Nearly allied to the skeleton 
clock, ^\hich is essentially an English form of clock, is the 
eight-day English “dial” clock. These clocks have barrels, 
fusees, train wheels and pendulums exactly like the skeleton 
clotik, but the frame is composed of two square plates, and the 
dial is usually of sheet iron painted white with black figures, 
and about 12 in. in diameter. TEe cases of these clocks are 
generally pf oak or mahogany, and the movement is contained' 
and covered by a box back. Sometimes the pendulum is 
short so as not to project below the circle of the dial, when 
the clock is known as an eight-day “round” dial. At other 
times the penduj^um is longer and coUies about 6 in. below the 
dial ed^e, the box back being extended downwards to oontain 
it. It IS then known as a^“ drop” dial. 

To cleap one of these clocks, first take off the pendulum. 
To get at it there is a door at the bottom of the case and 
another the side where the hand can be inserted to get at 
the suspension. Then remove the h;[jnds, and laying the clock 
on its face, withdraw the wooden pegs that hold on the box- 
back of the iase, and remove the back. Draw out the pins 
that libld the dial feet toThe front plate and the mov'ement can 
be lifted off complete, leaving the dial affixed to the case front. 
To'temove’the movement with its dial, by taking out the little 
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screws that hold it to the wood circle, is unwise; as these 
screws are small and the movement heavy, the less they 
ctre disturbed the better. They^so easily overturn and get 
loose. • 


The movement is taken to pieces, cleaned and repaired 
exactly as the skeleton clock in every 
particular, but not being visible it does 
not require such careful handling or 
sncli porfect polishing ofi the plates. 

Tj^ese clocks go about as well as 
the skeleton clock and make excellent 
kitchen, ^hop, or public-room clocks. 
Tig. 53 shows oRe. 

American and uerman Dials. 

—Very much‘like them in outward 
TT,.-r , V. appearance are American and German 
Diafciock^ eight-day dials, but the movements differ 

very much. 


To take one apart, unhook the pendulurti bob, and take off 
the hands. The minute hand is only held by a pin and collet. 
The hour hand is pushed on friction-tight and needs drawing 
off with cutting nippers or some other tool that will just go 
under its edges and give a purchase. Next remove the dial, 
either by taking out the little screws around its edge, or by 
withdrawing the wooden pins that hold on the case front. 


Some are made in one way and some in the other. * 


The movement will then be found screwed to the case 
back by three or four screws, or held in wood clamps. Undo 
these and lift the moven:^nt out It is usually quite a small 
and lightly made affair. The plates ar^ o^ thin brass with 
openings stamped out of them to sj^ve weight and enable the 
parts to be seen. The mainspring is not contained in a barrel, 
but the oyter end is generally looped around the lower comer 
pillar of the frame and the inner end hooked directly to the 
axis of the main wheel. Aa the mainspring is Srong and 
opens out to a large size Vhen unwound, it is advisable before 
taking the clock apart, to confine it within limil| for the time 
being, lihis is done by winding it up close and slippinf on a 
“clamp” (Fig. 54). This is a piece of ttiff iron wire rather 
more than a half-circle. New mainsprings Vhe« purchased 
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are wound up and confined in them, and one or two various 
sizes should always be kept at hand for use when taking clocks 
apart. • 

The clamp should be I\pld in position while the pallets are 
removed and the train is allowed to run. As it does so, the 
mainspring gradually unwinds and ex¬ 
panding* fills the clamp. It can then 
unwind no fu|^her and the train comes 
to rest. The spring is then harmless, and 
the pillar pins or nuts can be Removed 
and the movement taken apart. But 
before doii^g so, the*^endu‘lum sjir^g 
and wire shoi^^d be removed. Generally 
the spring passes through a slit in a brass 
stud in the front plate. . This slit can be opened with a pocket 
knife and the spring taken out. These clocks vary very much 
in the ftieihod of suspending the pendulum, but with the clock 
open to inspection, whatever method is used, no difficulty 
will be found in detaching it. ' 

An examination of the clock will reveal many points of 
difference from the English pattern. 'Bhe wheels are thin and 
staniped from sheet metal. The teeth, however, are machine 
cut and generally clean and well shaped. The pinions are of 
the “lantern ” pattern (see Fig. 102, p. 130) consisting of a circle 
of round wares. This pattern of pmion has many advantages 
and is woli adapted for running in a dirty and dusty condition, 
as the (iirt pushes through and does not stick between the 
leaves. They are also cheap to make. 

The escapement is generally inverted, that is, the pallets 
ate below the wKeel, or sometimes at its side, and consist of a 
strip of steel bent fo the form required, and hardened and 
tempered. This is also ft>r ease and cheapness of making and 
answers very well. 

The result is a clock costing less than half as mifbh as the 
English jJlittern and half the weight; but also having less than 
half the wearing qualities and not to«be compared for steady 
timekeeping. Still their price and appearance causes very 
large ^umbei? to be foi;nd in use, both in timepieces and 
strikers, and they ye quite a stock feature of the clock- 
repairing shcp. 



Fir.. 54 - M.^ln^p^ing 
Clamp. 
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basin and rinse and brush them dean, wipe them on a duster, 
and when dry peg out the holes clean, all as described in 
Chap. I. Clean out the pinions between the wires well, and 
look carefully over the wheels and pinions for bent teeth or 
wires. The wheels being thin are especially liable to such 
injuries, and any shock caused by a key slipping during 
winding, a mainspring breaking or a click giving wSy often 
results in bent teeth or pinion wires. ^ 

The mainwheel and mainspring attached alone should not 

put in the petrol, but should be wiped clean with a duster. 
When confined in a clamp as above described the mainspring 
outer loop can be slippejd off the^pillar 4 o which it ^as affixed, 
r leaving the plate free and clear to put in the petrol, but if n© 
clamp happened to be available with which to confine it, other 
mcan^ must be adopted, such as winding up and tying round 
with string or cojiper wire. Then as the string or wire is 
bound to be passed round the pillar as well as the sprifig, the 
mainwheel and spring cannot be detached from the plate, and 
the plate cannot be put in the petrol. Still j)arts of it cad be 
cleaned by a brush with a little petrol upon it and the rest 
wiped clean as well as possible. 

If one of these clocks is taken apart without first confhiing 
the spring, very great difficulty will be experienced in getting 
it together again, as the stiff spring opens out to such a large 
diameter that the wheels can scarcely be forced into their 
' places beside it without damaging their teeth or pivots. 

Before putting together again, the centre arbor sl^ould be 
taken in hand and the stiffness tested. To set the hands, the 
centre arbor is made to turn in the wheel friction-tight, 
generally being pinned il'p tight against a spijal spring on the 
arbor and a >vasher and pm, or sometimeo by means of a flat 
brass spring against the face of the centre wheel. It is 
annoying to find this too easy after the clock has been put 
together and started going, as it is impossible to tighten it 
without taking the clock apart again. Jf left easy,Ghe clock 
continues to go, but the tands^lag behind. 

If too easy, unpin it, and if a spiral spring, extend it by 
drawing the col’s apart to give it more spring. I'f a flat spring, 
curve its ends a trifle more to give morc^grip. When^all 
ri^ht, place the wheels in position, put on th§ top plate aril 
pin down one pillar, then exerting pressure upon w, get 
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wheels one by one until the plate goes on. Often the top 
escape whgel cock will require springing up to take out the 
escape wheel or to put it b^ck again, but this does not hurt it. 

There is one good feature in the escapements of these 
clocks, the pallet depth is adjustable by a simple means. 
Fig. 55 shows the escapement. 7 ’he pallets work upon a 
steel pift fixed in a small arm, A. 

This arm is riveted to the front plate 
at one end ana can be turned stiffly 
with a pair of pliers to or front the 
escape wheel to regulate the depth. 

The pallets^re generaty of tlfe recoil , 
form and act |xactly as those in b'lg. 

23, and the depth should be adjusted 
so that it is as deep as possible with¬ 
out catching the teeth points. When 
the paftets are badly worn, the arms 
of the escape wheel must be bent up 
or down to mak^ the wheel cup¬ 
shaped and bring the action to a fresh 
unworn part of the pallet faces. 

When wheel teeth are broken they 
are repaired as in Fig. 17. Worn or 
damaged pinion wires must be re¬ 
placed by new ones. They are heid 

in by theiixass being burred over their ends, and can be easily* 
forced qut with pliers. In fitting new ones, use wire of 
exactly the same size, needles do well, and insert and burr the 
brass over them again as before. If merely pushed in tight 
they will work ioose. Piach wire s^iould be cut a little too 
short, so as to go ^vell in and the brass forced over their 
ends to prevent them coming out. 

/'■ Pivot holes are bushed as Fig. 21 by the usual bushing 
wire. New mainsprings are bought ready to put oft in place 
of the oW ones and will need no special directions, except 
that the wire clamp should be* left «)n until the clock is put 
together and wouijd up. ^ 

TJe cloclf having bepn put together, the pallets placed in 
pOsitSn and the depjh adjusted, the mainspring mafbe wound 
and the ^laoip taken from its coils. If in good order, it 
jshdiild trip easily. A little clock oil should be placed upon 
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each pivot and the pallet faces, and also on the coils of the 
mainspring. The movement can then be replaced jp its case, 
and the pendulum spring and wire* put back and made fast. 
The slit in the stud which holds the suspension spring can be 
closed by nipping up with cutting nippers. This done, hang 
the clock up and hook the pendulum bob on. When started 
thus without the dial and hands, any little faults can be easily 
seen and corrected. Sec first that the case h^ngs perfectly 
upright, and then adjust the beat of the clock so that it is 
pe*ifectly even. This is doneliy bending the wire crutch with 
pliers, at the same time seeing that the pendulum rod hangs 
centrally in the crutch (loop anCl doe#’ not toucl^ either the 
efront or back of it. The shake of the rod in tli^ loop should 
only be slight, but it must not be so tight as to stick. Perfect 
freeddm is essential, as there is constantly a little movement 
here owing to the fact that the centre of motion of the pallets is 
above that of the pendulum, and for this reason, a smatl drop 
of clock oil should be placed in the crutch loop. The crutch 
loop must not project too far forward or it ipay just touch the 
dial plate and cause stoppage. 

It is as well to let the clock go a few minutes like this to 
make sure that all is right, for owing to the shake of parts and 
the occasional unevenness of the escape wheel teeth, one cannot 
' always be certain that an odd tooth will not catch the pallet 
points. After five minutes«the dial and hands may be put on 
<and the clock completed. A slightly oily rag rubbedlOver the 
dial will clean it and a polish with a dry duster to finish. An 
oily rag is also a good thing to polish up the case. 

The principal repairs to these clocks have been indicated 
above, but there are sorfie others which majfc be mentioned. 
When pallets are finally worn out, new ones complete can be 
purchased for a few pence, the old ones being taken as a guide 
for size and shape. It will be noticed when the pallet points 
are placedt against the wheel, that the distance between them 
is not equal to an even number of tooth-spaces, but eansist of 
4i> 5i> spaces as thp casd’ may be, and when pallets are 
lost and must be replaced, a pair should be selected that when 
placed against ^he wheel with one point in ccfetact with a 
tooth points the other pallet point comes just midway bef^een 
two teeth, then a very little attention with an^ emery buff, or 
perhaps none at all, will be needed to adjust them ih the clobk. 
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A broken click is sometimes met with, and is fairly easy 
to replace^ Fig. 56 shows^the click. It is fastened to one of 
the main wheel arms or to its rim by a brass rivet. These 
clicks, also pillar, nuts and.other small parts, can be t)urchased 
very cheaply and hardly pay to make. 

Still if gne is not at band, it is not the 
work of many minutes to make one from 
a fragment of old clock plate of a wheel 
rim. The rivet by which it is attached 
must be very firm and solid, ancl a little 
care taken in filing one up will] a shoulder 
to enable i^ to be rivefed tight witlufut 
binding the clrk is w’ell repaid. A rivet s6--ciick and Stud, 
is shown at A. 

For touching up diuls, ordinary enamel paints are useful, 
as sold in small tins, white for the dial plates and black for 
the figtires, but it is not ex|)ensive to have a dial properly 
repainted by a dial painter, the principal item is the carriage 
each way to the nraterial dealers. 

Thirty-hour American Timepieces.— -These resemble 
the*eight-day movements very closely, but are smaller and 
lighter and have one wheel less, and exactly the same 
directions may be followed for their cleaning and repair. 

Eight-day French Timepieces.— Fig. 57 shows the 
movem^t of one of these as fitted with the ordinary black 
marble or wood case. The method of holding in the case is 
peculiar to these clocks and consist# of two straps of brass, 
shown in the pftoto. The movement is put into an opening 
in the front of the case and tw'O long screws are passed 
through a metal rim forcing the case back and draw the side 
straps up tight. This method permits the movement to be 
turned round slightly to set accurately in beat, * and then 
screwed fight. , 

i The workmanship of these clocks is generally good and 
more like th^ English clocks first described. The wheels are 
substantial and the pinions nicely cut and polf^hed.^ There is 
one great point of difference, however, and that is the main- 
spang atid J^itel. French clocks have “ going banels,” that 
is, the main wheel teeth are cut round the barrel itself, which 
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is thus barrel and main wheel combined. It is shown in the 
lower part of the photo, and is m^re distinct still 4 n Fig. 71, 
a photo of a carriage clock. It is a simple method, doing 
away with fusee and chain, but has /he disadvantage that when 
a mainspring slips or breaks, the shock is very liable to bend 
or break the barrel teeth, and these are troublesome tq replace, 
ther.e being so much pressure upon them. Also the power 



Fig. 57 ■—Fiench Timepiece Movement. 


of the mainspring varies very much during the week, being 
greater when just wound, up and less towards the end of the 
Week. * But in these clocks this is not so objectionable as in 
most others. The workmanship beinj; good and the pendulum 
fairly heavy, the clock does not require much power to drive 
it; this enables a long, thin mainspring to be used, giving 
sufficient turns to keep the clock going a fortnigh^. Being 
wound every week, the first sqven days do not show so much 
variation in power as thLy would if the spring were shorter. 
On the whole the timekeeping of these clocks is^^lmost equal 
to that of eight-Oay English clocks with fusee. 

To take apart, first unhook the pendu^ um, undo the strap 
screws and take off the case back, and draw^ tire movement 
out frofti the front of tlie case. Remove the hands and take 
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out the pins in the dial feet that hold the frame to the brass 
edge. 

* The pallets can be takfen out and the clock allowed to run 
down after applying oil to the pivots. Or the mainspring may 
be let down " with a key, holding the click back with the 
thumb of the hand that holds the movement. This is a little 
risky as*if the click slips, the key may run back in the hand and 
injure the fin^^crs as well as risking damage to the wheel teeth. 

Then the click and ratchet (?an be removed, and the motion 
work taken off, the pins taken mt of the pillars and the frafne 
taken apart. The barrel cover can be prized off with a screw¬ 
driver andjhe arbor i^rnrioved. , 

. To clean,Jirst polish up the wheels, etc., with “ Cdobe ” metal* 
polish and place in the petrol. Strip the plates of all screwed- 
on parts, including the suspension of the pendulum, 'polish 
them up and wash in petrol. When dried off, polish up all 
parts •with a watch brush and dry chalk as described in 
Chap. II., and peg out the holes quite clean. Peg the pinion 
leaves clean, wipq out the mainspring and barrel, polish up the 
barrel, and apply fresh clock oil to the coils of the spring. 
I'lie barrel arbor may be rejilaced and the cover snapped on 
again. If the cover goes on hard, lay a duster over it and 
knock it in with a boxwood mallet or a wooden screwdriver 
handle. Oil the pivots of the arbor \\hcre it turns in the 
barrel. The wheels, etc., can then, be replaced and the frame 
put tog^ber. 

The pendulum suspension arrangement, shown well in 
Fig. 57*, should all be taken apart, cleaned and polished. 
This is an ingenious arrangement, the regulation being 
accomplished irom the dial of the* clock \\ith a watch key. 
By means of two small gear wheels a screw is revolved which 
shortens or lengthens •the acting part of the pendulum 
suspension spring. This is designed so that approximately 
one complete turn of the square over the Fig. 12 on the dial 
makes » difference in time of one minute per day, and in 
regulating these clocks it is usefful tc^remember this. 

The suspension spring itself is delicate and the least kink 
ruins it, caifeing the pendulum to* “ wobble i' and the clock 
to slftp. 

When together,^il all the usual parts, including the pivots, 
pallets, crutoi, click and clickspring. 
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, There are two patterns of motion work in these clocks. 
In the best, the cannon pinion is made like Fig. jo (p. 13). 
These give the least trouble, but* if too loose the cani!on 
pinion may be removed and the spring portion bent inwards 
a trifle. This eflectually tightens it. In this pattern of motion 
work, the minute wheel is held by a separate cock and its 
lower pivot must not be forgotten when oiling; it is best to oil 
it before putting in place. 

r In the other pattern of motion work found in the cheaper 
clocks, the centre arbor revolves friction tight inside the centre 
wheel, much after the manner of the American clocks described 
earlier. These when lopse are ftiore treuble to tighten. To 
lighten one, take off the wheel, close the brass p]^e that holds 
it, and put it on again. It is quite useless trying to tighten it 
when the clock is together, therefore it advisable to carefully 
test it before placing in position in the frame. 

/•- When all is correct, put the clock in its case agafti and 
screw the strap screws lightly, place the clock on its shelf and 
listen to the beat, causing it to go with as little movement of 
the pendulum as possible. Adjust the beat by turning the 
movement round in its case; when correct, remove the clock 
from the shelf and tighten up the strap screws finally. 

French clocks being smaller and of finer workmanship than 
English or American clocks, require greater care and a more 
delicate touch to repair then, especially when we come to the 
smaller wheels and the escapement. ^« 

' New mainsprings are put in after the manner of English 
clocks, but not being so strong are easier to handle (see 
Chap. III.). When very sticky with dry oil they should be 
taktn out, cleaned and replaced, otherwise thfiy need not be, 
removed from J;heir barrels. 

Broken teeth in the barrel cannot be replaced in the same 
manner as in train wheels, there being not sufficient thickness 

A -A A brass, but two holes should be drilled where 


the tooth should be, and two steel 
y uLV )j in tight and. filed up to shape as in Fig. 58. 
* ^ “ ^ This two-pin arrangement is not of course an 
‘'I'm. ideal tooth, but it gives maximum^of stre^h, 

and is the best that can be d<^e. 

Broken pivots are replaced hy4be method 
desodbeiin Chap. 111 . (Figs. 39,40, and 41), a delicate tou^ 
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and a very sharp graver being required for their turning. New 
pinions caa be purchased ready hardened and tempered, with 
the*leavfes cut and polished. These require pivoting, and the 
wheels mounting upon them. 

The larger holes in the plates are bushed as described in 
Chap. in. (Fig. 21), but for the smaller holes clock “ bouchons ” 
are better. Bouchons are little pieces of brass wire with the 
ends turned dqwn, tapered and central holes drilled. A short 
distance from the ends they are partially cut through, see 
I'ig* 59* To use one, open out the pivot hole until the boucbon 
goes halfway in, then drive it in and break it off. Level the 
end and irive hom^nvith *a flat p^inch and finish off by 
smoothing ar^ polishing on the inside surface, and cupping* 
with a circular chamfering tool on the outside. Finally open 
it out to fit the pivot. , * 

Fig. 6o shows the escapement. It is generally of the 
recoil tariety like that of the skeleton clock, Fig. 23, but does 



Fig. 59.—-Clock “bouchon." Fic 6o.—French Recoil Escapement. 


not span so much of the wheel and has straight pallet faces 
^stead of curved. Exactly the sam^ remarks apply to it as to 
the other. To shift the pallets for wear is easy, as they are 
only driven on a taperdd arbor, generally square, but do not 
attempt to drive them further when already tight, as being 
glass-hard they may easily break in two. First take them off 
and redtce the arbor a trifle, then push on again. If too loose 
they can be soft-soldered on,* using a very little solder and 
well washing afterwards. If by chance a pair of pallets breaks* 
Ihroggh bemg driven qn too tight, soft-soldgr them together 
again, pressing vep close and using only a trace of solder, 
t^y wi^gi^erally do again. Use shellac to fasten a 
^(kred pair of pallets upon their arbor. To adjust t|^ 
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depth, one of the pivots runs in a hole in an eccentric disc 
riveted in the plate as at A, Fig. 6o. This eccentric h^s a screw¬ 
driver slot cut across it, by means *of which it can be stiffly 
turned to cause the pallet to approach the wheel. 

Other kinds of French Pendulum Clocks.— Circular 

movements similar to Fig. 57 are sometimes fitted info brass 
drum cases about 4 in. diameter and provided wjth little short 
pendulums of about 3 in. in lehgth, fixed direct to the pallet 
arbors and having no crutches* or suspension springs. These 
are known as “tic-tacs” and are a very unsatisfactory kind 
of clock, fortunately no ^onger nfade a «4 passing rapidly out 

use. No .special directions need be given, concerning, 
them. 

VaViations of the escapement are sojnetimes seen to make 
fancy clocks, with see-saws, swings, etc., instead of plain 
pendulums. The timekcctiing of all these arrangemelits is 
poor. In the case of the swing, which is perhaps the com¬ 
monest, it is not necessarily so, but the forpi of escapement 
and crutch generally seen in connection with it precludes 
good timekeeping. To obtain a motion of the swing at right 
angles to that of the wheels, a double pin escape wheel is used 
acting on circular disc pallets and giving a circular motion 
to the crutch. This causes much friction, which could be 
avoided by the use of a ^rown wheel in the train. The 
difficulty of course is that the swing must travel Uarkwards 
and forwards from the front to the back of the clock, while 
the train wheels revolve in a plane at right angles to that 
of the pendulum. 

A figure holding a pendulum suspended from its hand, 
sometimes with the clock in the pendulum bob, and sometimes 
outside; a globe with the hours painl«ed around it, revolving 
behind a pointer, or surmounted by a conical pendulum 
(swinging ip a circle and driven by a revolving finger), and 
other fancy arrangements, are sometimes seen. All thttse can 
be cleaned and repaired^ acccfrding to the directions here 
^ven for French timepieces, the only differences being in the 
escapements and^n the manner of fixing the movement its 
casing, etc.* 

Four-Hundred-Day Clocks.—There ii^* however, oiie 
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Other kind of clock in this class that deserves special mention, 
and that ig the four*hundred day clock provided witl^ a heavy 
disc pendulum that vibrated something after the manner of a 
balance wheel. Whether^it should be classed as a pendulum 
or a balance is a doubtfurpoint. 

Fig. 61 shows the pendulum or balance. It consists of a 
heavy cVcular brass plate or disc A, suspended centrally by a 
thin steel wire, D. \Vhen given a circular motion, it will spin 
until the tension on the suspending wire arrests it and causes 
it to return, the action being ftn the jirinciple of the familiar 
roasting-jack. A small arm, E, is clamped to the wire near its 
top, and i^ is to this’irm that the gullets give impulse. BB 
are two auxiliary circular weights which rest upon A, and hy^ 
i^eans of a light- and left-handed long screw C, the weights 



Fig. 6i.— Pendulum of 400 day FiG 6 ia —Escapement 

Clock. of 400-day Clock. 

BB can be removed nearer the centre or nearer the edge for 
regulating. j 

' Fig. 61A shows the escapement, or rather the pallets and 
the driving fork. A = the pallets of ordinary form. Above 
them tSte fork or crutch B extends and engages the arm E 
(see Fig. 6i), attached to the Suspension wire D, and gives it 
impulses to and fro. It is an ingenious arrangement and 
designed to'^giye a slow^ motion and requiresias little power as 
possible. To go fj)ur hundred days, the train consists of more 
\^eels thaixii^ual. A going barrel, fairly large, drives a train 
of five wheels. The last is the escape wheel, and as the clock 
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beats only ten per minute, this revolves in about eight minutes. 
Next comes the centre wheel, carrying the minute .hand and 
motion work as usual, then three intermediate wheels and the 
barrel. With a ratio of wheels to pinions of about lo to i, this 
gives the necessary length of run. 

Fig. 6i shows the simplest form of pendulum fitted J:o these 
clocks, but many patterns of “ bob ” or disc are used. Some 
have tubes of mercury for compensating foi* temperature 
errors. Others are of fancy design, resembling engine 
governors, etc., in form, bift the principle is the same. 
Owing to its slow motion, the pendulum has no great 
governing power and cor^sequentlj^ thcs« T:locks do ijot show a 
i'ery even rate for the year. 

To set in beat, the pendulum being brought to rest, the 
pallets* should be level with one escape t,ooth just in the middle 
of an impulse. They can be so adjusted by turning the arm E 
upon the pendulum wire or bending the fork B (Fig. 6ia% 

They are impaired and cleaned exactly as ordinary French 
clocks, and being under glass shades, it will pay to nicely polish 
all parts. 

Vienna Regulators.—A very satisfactory kind •of 
pendulum timepiece for the wall is a Vienna Regulator. These 
clocks are carefully made, have dead-beat escapements, good 
long pendulums, and are driven by a weight. The wood rod 
of the pendulum makes for steady running, as the effects of 
changing temperature upon wood are not as great upon 
metal. ; 

The movement is much after the style of the French time¬ 
piece as far as workmanship and finish is concerned, but it is 
generally between plates of a square or oblong form, and the 
pendulum, instead of being suspendecifrom a cock upon the 
back plate, is supported by a bracket fixed to the back of 
the case. This also conduces to steady timekeeping, as the 
suspension is firmer and the pendulum made inde^ndent 
of the rigidity or otherwise of the movement. There are 
several other refinements in these clocks, among them an 
arrangement to kgep the clock going while being^wound^ by 
means of a “maintaining spring and ratchet” interposed 
between the main wheel and the barrel. Tne wy^dipg ratchet 
is upon the. end of the barrel as usual, but instead of placing 
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the click and clickspring upon the mainwheel, they are placed 
upon an intermediate ratchet-wheel with fine teeth. Affixed 
to the other side of the maintaining ratchet is a spring of curved 
form which presses upon the arms of the mainwheel and while 
the clock is going is a]\vhys under tension, the clock being 
driven through this spring, it forming the only connection 
betweefi the barrel and the mainwheel. When a key is placed 
upon the wind^ing square and the barrel turned round to wind 
up the line, the maintaining rathhet is held from moving by a 
long-pointed “detent” engagit^g its teeth, and the mainlin¬ 
ing spring, being kept under tension, continues to drive the 
clock. ^ 

. Another jehnement is an adjustable crutch for setting tha 
clock in beat without bending the parts. 

To clean one of these clocks, take apart as usual and'polish 
and clean all the parts as a French 
clockp Take the barrel and main¬ 
taining work all to pieces, and in 
putting together ^see that it all acts 
freely and is well oiled at all points of 
friction. 

•The escapement is a “ dead-beat,” 
that is, between each beat the escape 
wheel stands still, the teeth points 
resting upon the “ dead ” faces of |;he 
pallets, jijstead of recoiling. Fig. 62 
shows ^he escapement. The pallet 
arms C are of brass and have circular 
slots cut in them in which the steel 
pallets lie, heki by clamping screv/s 
which permit them to be moved for 
adjusting the depth. I'j the enlarged 
view of one pallet and a tooth, the tooth point is shown resting 
upon the “ dead ” face A of a pallet. As this pallet moves 
outwards from the wheel, the tooth point escapes from the dead 
face and traverses the “ impulse ” fgce B, giving the pendulum 
an impulse. Another tooth then falls upon the dead face of 
the other pifllet and so on. In adjusting th$ depth, see that 
the Peeth points drop upon the “ dead ” faces and itot upon the 
impulse fa(^^f th^ pallets. This may be tested by placing a 
fifiger upon the crutch and leading it slowly across^ watching 



Fig 62.— Vienna Regulator 
Dead-beat Ebcapement. 
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carefully the exact spots upon which the teeth drop. Although 
the teeth vinst drop upon the dead faces A, they myst drop as 
near to the corner as possible without missing it. This is im¬ 
portant, as if the teeth drop too far up the dead faces it 
makes a large arc of motion of the p'endulum necessary to keep 
the clock going, and the weight is not sufficient for this, 
consequently the clock will stop from insufficient power. 

The escapement of every Vienna Regulator should be 
examined in this way and adjusted to “lock’^ on the dead 
faces of the pallets as lightly •as possible, that is, to drop as 
near to the pallet corners as possible without missing them. 
As in French clocks, gne pallet piv#l» generally,runs in an 
♦eccentric like that shown in Fig. 6o at A. Thif is to adjust 
the extent of the drops and equalize them. It does not affect 
the point of the drop. That is adjusfed by the steel pallets 
themselves and their clamping screws as explained above. 
But if on examining the escapement the drop upon the first or 
entering pallet is greater than that upon the exit pallet, the 
pallets must be lowered; or if that on the exit pallet is 
excessive, they must be raised, by means of the eccentric. 

In putting the clock together, first hang up the pendulum, 
having seen that its groove for the crutch pin is clean, then 
slidy the movement into the grooves of its supporting bracket, 
seeing that the crutch enters the pendulum slot. Care must 
be taken that the crutch free in the pendulum. If the 
movement is pushed too far back, the crutch will bind-against 
the pendulum rod. The centre of the crutch pin shouldjwork in 
the slot, there being a little freedom for the pendulum rod to 
work backwards or forwards without touching the base of the 
crutch pin. 

To set in beat, start with as little moti»n of the pendulum 
as possible, and adjust the screws on tiie bottom of the crutch 
until the beat is perfectly even. 

When in good order, the timekeeping of these clocks is 
excellent, and their weaiing qualities good, owung nminly 'to 
the light and even pressurq of the driving weight. 

Holes are bushed, pivots and pinions repaired, etc.," as 
before described Wear on the pallets is easj to rectify. 
Simply buff out the marks, polish tlie impulii faces again, 
and replace the pallet and adjust it to d^th p^gperly by its 
cbimping screw. 
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As usual, oil all pivots, pallet faces, crutch pin, and do not 
forget the weight pulley. 

Other Forms of Dead-beat Escapements.— Any of 

the other clocks described may have dead-beat escapements 
similar in principle to that of the Vienna Regulator. Thus the 
English skeleton, dial, or other clocks may have the English 
form shown in Fig. 63. In this form the escape wheel-teeth 
are pointed anS sloped forward, and the pallets are simply filed 



Fig. 63.-English Oeacl-beat Fig. (i, -Frencli Dead-beat 

Escapement. Escapement. 


outoof solid steel and hardened and tempered, there being 
no real “adjustment” at all. In hardening these pallets, the 
centreJs generally left soft, the ends only being hardened; 
this is to allow of wear being buffed out of the faces, and the 
pallet arpjs being bent closer together to adjust the locking 
again, a clumsy method at best, having nothing to recommend 
it, AA are the dead faces, and BB the impulse faces. 

The common French form is 


shown in Fig. 6/.. As before, AA are ' 
the dead faces and BB the impulse 
faces. In this form also, the pallets X\ 

are made from one piece of steel 
and no adjustment is possible except w/ N 

by the ’jsual eccentric in the plate t j ^ U 
to bring them nearer to the wheel. ^ S f 7^ A 
Another form often seen in 
French cloches the “pin pallet” OyT' 
sbowi in Figl^. In tnis form the ■ f.c ej-Pin-paiw 
of the teeth <^re quite straight 

add the pallets slide up them during the “ dead ” portion 
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of the movement. Sometimes the pins are steel, hard and 
polished, and sometimes of agate or onyx. Agate pallets 
hardly show wear at all and afe to be preferred; they 
are made as at A (Fig. 65) from a round pin half cut away, 
and cemented in holes in the pallet arms with shellac. The 
holes being a little larger than the pallet pins, a little adjust¬ 
ment is possible by warming the shellac and moving the pins. 
(To be correct, the teeth points should “ drop ” ^actly upon the 
centres of the pins, and they*may be shifted until this is so. 
By turning a pin round upon its own axis a little, a tooth may 
be made to drop off either earlier or later as desired. As in 
the Vienna form, bringiijg the wtfole pallets nearer ^ the wheel 
decreases the drop upon the entering pallet and,’ncreases that 
upon the exit pallet. When set correctly the flat sides of the 
pin pallets should point to the escape wheel centre. 

I This escapement is troublesome to adjust unless one 
thoroughly understands its action, but when right iu most 
excellent, and offers a cheap and easy solution of the ^‘jewelled 
escapement” question. The form with stqel pins is bad, as 
they wear quickly. 

The English and French forms of dead-beat escapement 
3hown in Figs. 63 and 64 are sometimes jewelled with a^ate 
or other stones as shown in 
Fig. 66 by having a slot 
filed out a^d a block of 
stone cemented in, the 
stone being then ground 
Fig. 66^^-^ewciied polished level with 

the steel surfaces. The 
pallets of regulators and‘other fine clocks 
are nearly always so treated. • 

’A Solid English recoil pallets like Fi^r. 23 
may also be grooved and jewelled much to 
their advantage, but the writer has never 
'.S56en any so treated. 

American and Geripan clocks fre- 
qu^tly have dead-beat escapements like 
Fi^ 67, A A bfing the dead faces, BB 




# 

Fig. 67.— American 
Dead-beat Escapement. 


beijM[*the iinimlse 

W - ^ 

Ih all clock dead-beat escapements, thi de^ni^acea df ^ 
p|eta are portions of circles struck from the p^let 
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centre, so that as the pallets move, the teeth points resting on 
them remain stationary. 

Variations of the f(jrms of timepieces described in this 
chapter are sometimes met with, as, for instance, French 
Regulators which are French clocks in little glass cases, with 
usually a fancy pendulum and agate pin pallet escapement in 
front of the (jjal to look nice. Or English timepiece move¬ 
ments with a weight and barrel like a Vienna Regulator, and 
a long pendulum, in long wood*cases and having large paint^ 
wood dials about 24 in. across. These are known as “act of 
parliameni’' clocks dr*"'shetps’-heacl clocks,” but no special 
<lirections will be needed for their cleaning or repair. Th^’ 
directions for repair and the descriptions of escapements in 
this chapter apply to ajmost all clocks. * 



CHAPTER VI. 

PENDULUMS. 

Length of Pendulums—The time of vibration of -a 
pendulum depends entirely upon its length. Weight has 
nothing to do with it at all. Hence adding weight to a pendulum 
will not make the clock go slower unless the added weight is 
placed below the boh, when the effect is to lengtiien the 
pendulum. Similarly if the added weight is placed above the 
centre of the bob, the clock will actually-go faster, because 
the pendulum will be shortened, as measured from the point 
of suspension to the centre of the bob. 

The exact length of a pendulum is from the point at TWiich 
itS( suspension spring bends to the “centre of oscillation.” 
This is variable according to the shape and make of the 
pendulum. The point at which the suspension spring bends is 
also variable, depending upon its stiffness. So in practice we 
measure a pendulum from the top of the suspension iSpring to 
the centre of the bob and the result is very near the truth. 

The length of a pendulum beating exact seconds is, in 
England, 39*14 in. or about 39^^ in. It varies from 39 in. at 
the Equator to 39|- at the Poles. The force of gravity 
determines the rate of vibration of a-pendulura, and that varies 
with the latitude, hence the differences. 

The iength of the seconds pendulum is a convenient 
starting-point from which to calculate the length of^^ny other 
pendulum, or the time o^ vibiktion of a pendulum of any other 
length. It has been ascertained that the length of a pendulum 
varies as the square of the time of its vibratiorf. Thu^ for a 
pendulum to take twice as long to vibrate, its length must be 
the square of 2 = 4 times as long. The lengtkpf a two-second 
pendulum would therefore be 39*14 X 4 = is6J in. Or the 
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length of a pendulum to vibrate twice as fast would be J of the 
length, which gives the length of the ^-seconds pendulum as 
39*^4 “T* 4 == 9f or that oft the ;J-seconds pendulum = 2^ in. 
Intermediate lengths give intermediate numbers, and clocks 
are found with pendulums all lengths from 2^ in. to the 
seconds pendulum, and in turret clocks sometimes up to two 
seconds or 156J in. 

To. calculate the length of a pendulum for any given number 
of vibrations a*simple proporticm sum is needed, using the 
seconds pendulum as a standard Qr basis of calculation. Thug 
to find the length of a pendulum beating 100 per minute, we 
state the sum thus :— , ^ , 

As 100^^ 60'-^ :: 39’14 in. to the required length 
60 X 60 X 39*14 

'—Too 'x 100— 7 in. = the length required,. 


Or i^ we want to find the number of vibrations per minute 
of a pendulum 20 in. long, we state the sum thus:— 

As 20 in.: 39*14 :: 60^: the square of the number required, 


39*14 X 60 X 60* 


= 7035, the square root of which is 83. 


Any other numbers or lengths may be substituted for those 
above and worked out by the same method. , 

The following short table gives the number of vibrations 
per minute, and the corresponding pendulum length, and 
intermediafe numbers may be estimated nearly enough for 
many practical purposes. 


Number of 
vibrations. 

^ Length. 

Ni|jnber ol 
vibrations. 

Length. 

30 

I56-5, 

120 

9*75 

60 

39*14 

130 

8*3 

70 

2875 

140 

^'2 

80. 

22*0 

150 

6-25 

90 

17*4 

160 

5*5 

100 

I4I 

* *185 : 

4*0 

no 

i 

11*6 

----y- 

240 j 

2*5 


The “centre of«oscillation" of a pendulum is lilgely 
dependent upon its centre of gravity, therefore if its centre ot 
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gravity is high up, its centre oscillation is also high. From 
this it follows that for the centre of oscillation to be about the 
centre of the bob, the rod must be comparatively light and the 
bulk of the weight of the pendulum in the bob. This must be 
taken into account when measuring pendulums, and those with 
heavy rods and light bobs must be given a little extra over-all 
length. 

Compensation Pendulums. —All metals expand under 
fhe influence of heat and hontract in cold. The following 
short table gives the proportion in which they do so, 
approximately:— 

Invar = i 
Steel = ^4. 

Copper =21 
Brass =25 
Zinc = 34 
Lead =35 ^ , 

Mercury = 200 (in bulk). 

A pendulum rod is no exception, and the consequeiKe. is 
thgt an increase in temperature causes a clock to lose time on 
account of the increased length of the pendulum rod. Of the 
common metals, steel exmnds the least, and is therefore the 
most suitable for a rod. Brass would nearly double ^he error. 

In the case of a pendulum there are three factors to take 
into consideration, (i) The expansion of the steel suspension 
spring. (2) The expansion of the rod. (3) The expansion 
of the bob. * t 

The first two of these tend to lengthen the pendulum. The 
last tends to counteract this lengthening by expanding upwards, 
as the bob rests upon the rating nut. 

So if.a pendulum were made with a steel rod expanding 
downward as 14, and a lead bob expanding upwards«5is 35, the 
upward expansion of thqbob would to some extent compensate 
the downward expansion of the rod, the amount depen<|ing 
the length gr height of the bob. But it is^>impossible to 
make a 4 ead bob high enough to i)erfectly compeosfte the 
pcntfulum in this way. To do so, the b 0 b would hive to be 
hearly the length of the pendulum rod, Fot though 14 ill cl 
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lead will expand as much as 35 in. of steel, it must be remem¬ 
bered that a total lengthenir^ of the bob of in. only raises 
its cenire ^ in., and therefore to compensate a 35 in. steel rod 
the lead bob would have to, be 28 in. high (approximately— 
this being only a rough illustration, the “ centre of oscillation " 
not coinciding with the centre of length). 

^ Still zinc and steel compensation pendulums are made on' 
this plan of counteracting the dojvnward expansion of the rod 
by the upward expansion of a tube of zinc. Fig. 68 shows 
the usual arrangement. The centre pendulufli 
rod A is of stejsl. At its lower end is a collar 
• or rating nut E, upon wlfich rests a zinc tube B. 
•Upon the top of B is another collar from which 
hangs an outer steel tube C. To the bottom 
of C, the lead bob D is fixed. A moment’s 
consideration will show that 
the expansion downwards of 
the centre rod A, and the 
outer tube C, tend to lower 
the bob and lengthen the 
pendulum, while the expan¬ 
sion of the zinc tube B is 
upwards and tends to raise 
the bob. The expansion of 
the lead bob is also ifpwards. 

So if the combined lengths 
of the steel rod and tube are 
as 34, to the length of the 
zinc tube and lead b<»b (to 
^ centre^ 14, the pendulum will 
be compensated and the bob 
will rem^n at the same 
height. 

Fig. 63.— Zinc and Oil the Same principle a Fjg. 69.-^ercurial 

Steel Coriliensa* . , , x. j Compensation 

tion Pendulum. pCndulum may be constructed Pendulum. 

of steel and brass, btft it is 

notf often see# in modern clocks, being springy and ratl^ 
errati<^ action, s/^ v 
h . A form of compensation pendulum often seen is^tho 
^e«curial, shoWfi in Fig. 69. A steel rod A has at its. lower 
|i kind of steel stirrup B. In the stirrup stands a glass jar 
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of mercury C. It compensates in this way: the rod A and 
stirrup B expand downwards a?id lengthen the'pendulum. 
The mercury in the glass jar expands in volume and rises in 
the jar to a higher level, thus raising the centre of gravity of 
the bob. By proportioning the height and volume of mercury 
correctly, it will just compensate the pendulum as a whole. In 
practice a glass jar of 2 in. internal diameter and containing 
in. of mercury suffices. ' * /!« 

' ^ \he fault of all mercuriahpendulums is that the rod being 
thin takes the temperature of the air more quickly than the jar 
of mercury (generally about 12 lbs.,of mercury), and thus a 
rise in temperature for an hour or so may caus^ the clock to 
lose through the rod expanding and the mercury not becoming 
warmed quickly enough. This pendulum also has other 
disadvantages. It is expensive to make on 
account of the work in the stirrup And the 
cost of mercury, and mercury is awkward stuff 
to carry about or to have in a workshop, 
rendering such a pendulum difficult to handle. 

The zinc and steel pendulum also has 
disadvantages, mainly constructional; r the 
number of points of contact between the tubes 
causes a little uncertainty in action, and zinc 
is a soft jnd unsatisfactory metal to deal with, 
especially under heavy pressure pf a large 
lead bob. 

This brings us to “ Invar,” which is a steel 
and nickel alloy invented about 1900, that 
has the special merit of hardly expanding 
g at all in heat. A plain pendulum with an 
invar rod will hav^ less error than many 
compensation pendulums of the zinc and 
steel or mercurial forms. It is quite simple 
and cheap to compensate the sma^il amount 
of the, expaeision of the invar rod by the 
upward expansion of a cast-iron bob resting 
Penddl^.^'^ f on the rating nut. A penduluAi of this type, 
as shown in Fig. is the most {)erfect 
com’pensation pendulum that can be miide wid also one of 
the most permanent, being portable, cheap, and not liable to 
injury. The invar rod A is^ provided with a rating nut €,' 
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upon which rests the cast-iron cylindrical bob B. For a seconds 
pendulum,* a bob 8 in. high fully compensates, and when of 
from 2 to 2| in. diameter gives a suitable weight for the 
pendulum of a good clock^(about 7 to 12 lbs.). 

A sort of semi-compensation pendulum is the wood rod 
and lead bob. Wood expands very little in heat, and a wood 
rod with a lead bob resting on the rating nut compensates fairly 
well, but has other errors causec^ by atmospheric influence upon 
the wood. Though a great improvement upon an unym- 
pensated pendulum, this form i§ not equal to a properly made 
zinc and steel or mercurial pendulum and far behind invar. 
It is founcMn Vienna I^eJulatcTrs and income English Regulators 
Vhen the mJkers desired to save the expense of a mercurial 
pendulum. 



CHAPTER VII. 


PORTABLE: CLOCKS, 

|French Carriage Ti»iepiece*s.— Pig. 71 shows 4 he move- 
-ftent of a French carriage timepiece with ws^Jch escfipement and* 
jbalancf. A pendulum being out of the question in a clock 
designed for carrying about, resort is iiad to a balance and 



Fig. 7 ^---Frenr’ Carnage Clock Movement. 

hairspring similar to that iij, a watch." So it may be said that 
up to th^ourth wheel the movement illustrated in Fig. 71 is a 
clock, and beyon^ that it is a watch. The cleanin| and rgmir 
of these clicks is really work for a Matchmaker, but a®few 
directi^s will be here given, by followirfg wWch a clock- 
maker may be enabled to clean one. 


CARRIAGE TIMEPIECES , 

These clcxiks have going barrels, wheels, and pinions 
exactly lilge the movement in Fig. 57 (p. 54), and Fig. 71 
shows the arrangement of •the train very clearly, the barrel 
being at the bottom, and the “ platform ” containing the 
escapement, across the top. They are fitted into cases made 
of brass^ nicely gilt, and have glass sides and top enabling the 
movements to be seen. To take one apart the bottom of the 
case must first be removed. Stand the clock upside down upon 
a leather on tne board, to pre'^ent scratching of the gilding, 
and remove the small centre screw from the case botd)m. 
This holds a thin sheet of brass which acts as a sort of false 
bottom; ^en this hafs keen •removed four large screws will 
be seen at the comers going througn into the pillars of the, 
case. Remove these and lift out the movement bodily, still 
attached to the base of^the case, as in Fig. 71. • 

The hands and dial may be next taken off and the main- 
spring»let down with a key, holding the click back as usual. 
Or the pivots may be oiled, a wire put between the arms of 
the fourth wheel Jto prevent it running, the platform screws 
taken out and the platform removed. The clock may then be 
allowed to run down. But letting the mainspring down is the 
be?l method. Then take out the two large screws in the base 
and detach the frame. Take it all apart, removing everything 
from the plates, and clean and put together again as'the 
French timepiece. Fig. 57. 

Th^ ®nly portion of the train requiring special mention is 
the fourth wheel itself. This is termed a “crown wheel," 
the name being suggested by its form. The teeth are hori¬ 
zontal, that is, at right angles to the wheel, so that they may drive 
the upright escape pinion. An engineer no doubt would effect 
this with bevel whsels, but in clockwork where pressures are 
light and a wheel driv^ a pinion, the crown wheel system is 
found to be much superior in that the depth can be adjusted 
easily, and inaccuracies and difficulties in cutting ^e avoided. 
There « also not so much tendency for one to be torced away 
from the other by the driving pa-essiyre. 

The depth is regulated by a hard steel screw with abolished 
poit^, inserfed in the back plate. This takes the end 
thrust of the back fourth wheel pivot, and oy its,means the 
fourth wheel js k^t up to its work in the escape pipion. 
Sbme adjustment is also possible by loosening the four 
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platform screws and pushing the platform bodily over towards 
or away from the crown wheel. In oiling the cloci? there is a 
tendency to overlook this back crown wheel pivot, so it is best 
to place a little oil in the pivot hoje before putting the frame 
together. 

After polishing the plates, handle them with tissue paper or 
a leather to prevent finger marks and corrosion. 

The platform and escapenpent may now be taken in hand. 
Remove the balance cock with balance attached. Then 
ur^crew the escape cock that holds the escape wheel, and if a 
lever, the pallets also. Clean the platform and the cocks like 
the rest of the clock, i^^ polished. If gilt, as they'often are, 
^-rinse in petrol and brush them dry with the watth brush and 
dry chalk only. Sometimes the gilding is very tarnished; when 
this iS the case dip in petrol again, and wet the brush end in 
petrol also and brush the tarnish off. Dip the escape wheel 
and pallets in petrol and brush dry in the same way, holding 
them in tissue paper during the brushing process. Peg out the 
jewel holes, removing any endstones, which must be cleaned by 
rubbing face down on leather. When all is clean and pegged 
out, screw on the endstones again. ^ 

The escape wheel and pallets may now be placed in posi- 
tion.again and the cock screwed on. If there are endstones, 
place oil in the jewel holes before putting the parts in place, 
and note that for all parts ,of the escapement, only oil 
should be used. * ' 

Oil the pivots, top and bottom, and screw the platform on the 
clock frame, adjusting the crown wheel depth very carefully. 

The balance and hair^ring comes next and needs especial 
care. Turn the buckle that bridges the curb'pins, if it has 
one, then detach the hairspring stud fron^ the balance cock. 
This may be screwed on or pushed friction-tight into a small 
hole in the cock. Do very little to the balance and spring, 
except to clean its pivots with pith. If a cylinder, peg the 
cylinder-hollow out clean. If a lever, brush the toUct clean 
and bright, taking care net to* touch the hairspring with the 
brush. Unscrew the index from the cock and remove 
the jewel endstoee. Clean the cock .with petrol and viatch 
brush^Deg* out the jewel hole, clean Jhe endstone and 
screw*^l together again. After placing a small drop of oil 
in the jewel hole, refix the hairspring stud. Then oil the 
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top pivots of escape wheel and pallets and the foot hole of 
the balaftce pivot, place little on the escape where teeth and 
put the balance in position again, screwing the cock down 
gently to see that it does not nip the balance. The balance 
must have just a little endshake or lift, sufficient to be seen 
with ail eyeglass, but no more. It can be regulated by placing 
a slip of tissue paper under the forward end of the cock to 
increase it, cir at the back e^d to decrease it. The outer 
coil of the hairspring should pass between the index curb pins 
and play evenly between them as the balance vibrates.* It 
should not bind hard against one and not touch the other. 
When tlfe balance is at rest the spiing should just lie freely 
between th^ pins without touching either. See also that tRe 
hairspring lies flat and does not touch the arms of the J)alance 
or the stud or curb pkis. 

Really it requires a treatise on 'watchwork to fully deal 
with carriage clock escapements, and the reader is referred to 
“Watch Repairing, Cleaning and Adjusting,’' which gives 
directions for the adjustment and repair of these parts. 

There is just one simple breakage that may be here 
referred to, and that is a cracked endstone. These are easily 
replaced, and must on no account be passed, as they damage 
the pivots and cause stoppage. • 

The clock being wound and going all right, put on the dial 
and hands again. Remove the tide glasses from the case and 
clean* fhem all up well and replace them in their groo^15s. 
Attach the movement to the base by its two screws and standing 
the case upside down on a leather, lower the movement into 
it and insert the corner screws, et(^ Finally rub the gilding 
with a clean Teather to remove finger marks. 

These are verj^ nice little clocks, though made in various 
qualities. The best tire beautifully finished and keep good^ 
time. Cheap ones have a tendency to be a little rough where 
the workmanship*cannot be seen, and often do net keep even 
time^roughout the week. This is due to their rougher finish 
requiring a stronger mainspring and to the absence of 
“ stop-wor]^.” 

#Stop-work is to aj-rest the winding befcre the last turn of 
the spring is r^ched, thus avoiding excessive? strj^jm# It 
.also stops the cl(x:k before the last weak turns of th? spring 
are reached. With a well-made clock and a thin mainspring 
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making about eight turns, the stop-work enables the middle 
four or five alone to be used which gives much mpore even 
power during the week’s run, than if the whole eight were used. 
Fig. 72 shows the arrangement. A is the “stop-finger” upon 
the barrel arbor. B is the star-wheel pivoted upon the barrel 
cover. Each time the stop-finger comes round, it mo^jes the 
star-wheel one notch until the solid 
part C is reached. "iVhe available 
number of turns is then limited by 
the number of notches in the star- 
wheel, which is sometimes four and 
,,sometimes five according'^ to the 
design of the clock. •- ■ - t; 

Suppose the spring gives seven 
turns and the tstop-work is designed 
to use five. Then before putting on 
the stop-finger the star-wheel is 
placed as shown in Fig. 72 and the 
spring wound a turn. Then the stop-finger iS' put on and the 
star-wheel holds it permanently “ set up ” one turn. Similarly 
the Stop-work will arrest the winding one turn from the top. ^ 
convenient way to effect this is to screw the barrel arbor in 
the bench vice and turn the barrel by the hand one turn 
round, holding it while the stop-finger is pressed home. A 
barrel with stop-work shoul(^ never be allowed to run down 
quifikly or the shock will damage the star-wheel or perhaps 
force it off its screw. 

American-pattern L^ver Clocks.— Fig. 73 shows the 
movement of a lever drum marm clock, which is iypical of its 
kind. These clocks as a rule are in cases about 4 in. diameter, 
but both larger and smaller sizes are found. They are also 
^nade to go thirty hours and eight days, and may have alarms 
or not. ^ , 

In construction and design they resemble the pendiilum 
clacks as far as the escapement,' and may be cleaned and 
repaired in the same manner. 

To take'kn ordioary 4-in. drum clocks out of its case, fiist 
unscrew the feet and the screw at the top, or Jhe alarm bell if 
it has ofiSe. Thei stem upon which the bell is fi»id will also 
unscrew and can be gripped by cutting nippers, as.jnay the 
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feet if they are very tight. Having removed the set-hand 
button by pulling it straight off, the alarm button by un¬ 
screwing, and the winding handles by unscrewing in the 
reverse direction to that of winding, the case back may be 
prized off, and the movement drawn out. Sometimes the 
movements fit very tightly and the alarm hammer gives a little 
trouble, but they will come out with a little humouring and 
perhaps bend^pg the hammer stem a trifle. 

) When out of its case, take o!f the hands. The minute hand 
may be removed by inserting ^Cutting nippers underneath ,the 


• • • 
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centre boss an^ forcing and pulling it off—it does not do to be 
too gentle in taking these clocks apart. The hour hand, alarm 
hand, and seconds hand may be pulled off by the same means, 
but as a rule come off much more easily. Unbend the pins ' 
that hold the dia 4 and take it off. The dial re<iuires more 
carefuWiandling and must not be bent or scratched, or marked 
by oil, or it will quite spoil H,hQ clock’s appearance. Theit 
^ detach the cast-iron frame to which the movement is screwed 
and^t will appear as ii^ Fig 73. 

f The first part to take out is the balance. Unpfti the outer 
end of the haitsprifig and draw the outside coil through. ^Then 
ioosen oni^ of the centre screws in which the balance piypte 
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work, and lift out the balance complete. It is a little awkward 
to let down the mainspring of one of these clocks, so it is best 
to let the train run. Place a clamp (Fig. 54, p. 49)‘'upon the 
spring, after winding it up tight, then loosen the pillar nut or 
pin next to the pallets, and holding the escape wheel from 
running by placing a finger tip against its teeth, lift out the 
pallets and screw the plate down again. The train may now 
be allowed to run until the spring fills the clamp. If the 
pallets are held by a small cock, it is easier to tdke them out; 
if not, loosening one pillar ni^t and carefully springing the 
plate up allows them to be removed. 

To thoroughly clean the clock, tgke, it all apart and place 
^e parts in petrol as u^oual. Many do not consider these 



Fig. 74.—Drum Clock Lever Escapement. 


clocks worth taking apart, and after removing the pallets and 
motion wheels, wind the spring up and place the whole 
movement in petrol to run down and wash itself and its piyots 
clean, dabbing it with a brush as it does so ^to remove dirt, etc. 
When run down throw off all loose petrol by swinging the 
movement and dry it with a duster. *In a few minutes, the 
petrol will have completely dried off and th^. clock completed. 
By either process the pallets and balance get a good cleaning, 
l^nd that is the essential parf. Before the pallets can be 
replaced properly the principle of the escapement must be 
mastered. Fig. 74 shows the arrangement. A =«the balance,' 
5 the impuj^e pin*’ C the lever horns, D* the pallets, and K the 
escapi^ wheel. 

vThe pallets are of the dead-beat variety, so t® depth must 
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be adjusted till the teeth points just “lock/* as shown in 
74 - ^See also Fig. 62, p. 61.) When there is a small 
movable cock to hold the top pallet pivot, adjusting the depth 
is eas;^. When there is not, the top pivot generally is held by 
a narrow fixed tongue ofunetal, a part of the stamped-out 
plate, which can be bent a little either way by a strong pair 
of pliers. The escape wheel teeth should only just “ lock 
and no more. 

The centr^ screws of the balance must be pegged out 
clean and the balance pivots^ examined with an eyeglass. 
They should be absolutely sharp points, with no rounding off 
or one-sided wear visible, If^ot, hold the balance axis in a 
pinvice and ^carefully point it up on* an oilstone until the, 
centres are true and sharp. Then put the balance in, seeing 
that the impulse pin goes in the centre notch of the leveibfork, 
adjus| its centre screws*so that it is quite free and has hardly 
any p^ceptible shake. It must have a little, but should not 
be allowed to rock about. Re-pin the hairspring in its stud in 
such a position that when the balance at is rest, the impulse 
pin is in the cebtre of the lever fork, and lever, pin, and 
balance are all in straight line. The clock will then be in 
beat. 

Oil the balance centres, the impulse pin, the pallets, all 
pivots and the coils of the mainspring, wind up the clock,•and 
it should go perfectly. 

If not^ look for small faults aritt begin at the escapemen^ 
Make chiite sure that the balance pivots are really sharp points 
and that the hairspring is flat and free from the balance arms 
or the plate. Then see if the lever is free. Hold the balance 
with the finger-tip, about half a turn found from its position of 
rest, and see if the jnner lever horn binds against the balance 
axis. It should not do so, but should have a little shake. 
Then turn the balance found the other way and try the same 
thing on the side 0/ the lever. * If the lever horn on one side 
binds ^nd that on the other has a great deal of* shake, the 
lever must be bent a little to oqe side, or if it is provided with 
banking pins, one of these should be bent to give freedom, as 
the clock ca»not go with the lever horn dr^ging against the 
balaftce axis all the time and acting as a bralfe. ^ 

The motion wheels and dial may be replaced anc^ the 
hands put oif.* If the clock has an alarm, the hands must be 
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put on in the correct position or the alarm will not be right. 
The simplest way is to wind up the alarm a little and turn the 
set-hand arbor round until the alarfn goes off. Then put on 
the alarm hand at, say, 6 o’clock and put the hour and minute 
hands to correspond so that they shbw 6 o’clock also when the 
alarm goes off. They will then be correct for any othpr time. 
If the alarm hand will not stay where it is set, but travels as 
the clock goes, it shows the alarm set-arbor moijes too easily. 
It is generally held by spring washers and a pin, and having 
be^n unpinned, the washers n>ay be curved a little more to 
make them hold firmly. It is very much like the set-hand 
arbor, and when cleanii^ a clock, borti Arbors should be tested 
i/or stiffness before putting the clock together.' The alarm 
wheel under the dial has a sort of cam upon it, on which rests 
a pin*fixed in the alarm arbor. A notch in the cam allows 
the alarm wheel to rise for the alarm to go off. This cam 
should be oiled to prevent harsh friction. *’ 

American Carriage Clocks.— Movepients of the same 
character and of much the same form are found in metal cases 
after the style of French carriage clocks, fitted with glass sides 
and handle at the top, etc., and similar movements, but 
smaller, are found in„^ncy china and wood cases of all 
desdriptions, making cheap little portable clocks that may be 
carried from room to room. All are on the same plan and 
ipay be treated in the same manner. • * 

Also many of the so-called watches that are sold for a few 
shillings are simply diminutive drum clocks of the same pattern 
and workmanship. 

There is a variation oi the escapement found in many, and 
instead of having solid steel pallets as in ‘Fig. 74, they have., 
pin-pallets and inclined impulse planf,s on the escape teeth. 

f 'he principle is exactly the same. The teeth must just lock 
y dropping upon the pallet pins just belew the comers, the 
“ locking faces ” being on the teeth instead of on the filets. 
One advantage of these pallets is that they can be replaced 
when broken or worn. A small punch made from a needle 
widi the point fil^d off, and held in a 'pinvice, wifi drive gut a 
broken or® worn pin and a new one may be 'made firom’ 
anc^r needle, which being ready harde^d, ^rapered, 4nd 
poliahed leaves little else to be done. *' 



CHAPTER VIII. 

ENGLISH STRIKING CLOCKS. 

Qne at the Hour. —The simplest kii?d of striking work is 
that found, in some English skeleton clocks which strike one 
blow at each hour, just as a reminder. Fig. 75 showj the 
mechanism. The cam or snail, A, 
is on tht cannon pinion and revolves 
in the direction of the arrow. B is 
the lower arm of the hammer and 
rests upon A. The position shown 
in Fig. 75 is about five minutes to 
the*hour; when the snail A travels 
a little further, the arm B will fall 
and the hammer head C will strike 
one blow upon the bell D. The 
movement of the hammer is assistecf 
by a ligiit spring. 

Grandfather Clocks. — To^ 
strike the correct number at each 
hour requires spegal mechanism 
and a separate train ^of wheels. 

There are several systems on which 
such ,mechanism is arranged. A fig. ys.-Oae-at-tbe-bour striking ' 
commo# form, and one of me best, 

is what is known as “ rack-sijriking work.” The ordinary 
English eight-day, long-cased clock is a familiar example. 
All of these, •except a few very old ones, have rack strilong 
work! . 

Fig* 76 shows tike striking mechanism of a ‘^grandfather” 
The fSrts ahown are arranged upon the front plate and 
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underneath *the dial. The wheels between the plates are 
indicated by plain circles just to show their position. 

The action of this mechanism jivilJ be first descfibed. A is 
the main wheel or barrel similar to that of the going train. 
This drives the “ pin wheel ” B, sp called from the eight pins 
it has around its rim. These pins lift the hammer tail L, and 
when a pin passes, it lets L fall and the hammer head M gives 



Fjg. 76.— English Rack-striking Meciianism. 


the bell a blow. This is actually the striking work, and it is 
operated by a separate w^eight like the going side of the clock. 
As each pin of the pin-wheel passes the hammer tail, one blow 
is struck. The^ rest of the mechanism is to regulafe the 
j number of blows struck at each hour;, and the speed of 
8S&ipg‘ 
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The next wheel in order in the striking train*iS the “ pallet- 
wheel C, which carries on a prolongation of its front pivot 
the “ gattiering-pallet ” H. The pallet-wheel makes eight 
revolution? to one of the pfn wheel, or one for each pin. So 
for each blow struck the pallet-wheel revolves once and the 
gathering pallet on its fro*nt pivot also revolves once. The 
“ snail ”, G is fixed upon the hour wheel and revolves once in 
twelve hours. It is a disc of brass divided into twelve sections, 
each section b^ing a step lower than the one before. In con¬ 
junction with the rack F, this regulates the number of blows 
struck at each hour. / 

The next wheel in the train D is the “ warning wheel.” 
This has «.ne single pifi ifi its •rim, the,warning pin. The last 
of the striking train is the “ fly ” E. This is simply a fan, andi 
its sole purpose is to regulate the speed of running, which it 
accomplishes by the .resistance the air offers to its*rapid 
revolution. Its regulating power depends upon its area and 
not ofi its weight. The larger and lighter a fly is made, the 
more effective it is. 

Other parts of the mechanism are the “rack hook” I, 
which is detent designed to allow the rack to be gathered for¬ 
wards tooth by tooth by the gathering pallet H, but prevents 
the rack from falling back, and the “ warning lever ” J, whose 
business it is to let off the striking just at the hour. 

The whole mechanism acts in this way : as the hands 
approach the hour, a pin in the n^ute wheel K lifts the lower 
tail-end Of the warning lever J. Hi lifting, the long upper arm 
of J lifts the rack-hook I, which lets the rack F fall until its 
lower end, the “ rack-tail,” falls against one of the steps of the 
snail G. It is obvious that the distance the rack falls is 
regulated by ftie depth of the step of the snail against which 
its tail rests. When the tail rests upon the deepest step, the 
rack falls a distance equal to twelve teeth. When upon the 
highest step, the distance fallen is equal to one tooth. 

The falling 0^ the rack releases the striking ^rain, by the 
pin ii? its upper extremity slipping away from underneath the 
wing of the gathering pallet. .Th^ striking train runs a little 
way only, ^st until the pin in the warning wheel D comes 
round and is stopped by the stop block ^ the end of the 
warning lever J, which goes through a slot cut ia the frame 
^plate, and wfen ]*rises, intercepts the warning pin. This^sbort 
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“run” of the wheels is termed the “ warning," and generally 
takes place about five minutes before the hour. Its^purpose is 
to liberate the striking train and prepare for letting it off 
exactly at the hour. It does this as follows; It should be 
remembered that after the “ warning," the rack rests upon the 
snail ] the gathering pallet is free to turn round and gather up 
the rack teeth; the striking train is merely held fromh-unning 
by the fact that the stop block on the upper arm of the warn¬ 
ing lever stops the warning pin by blocking it^ path, and the 
warning lever is held by the pi^ in the minute wheel advancing. 
This pin continues to advance, and just when the minute hand 
points to the hour, the pin passes tl\e point of the Jower arm 
of the warning lever, leUing it fall. The falling,of the wam- 
*ing lever accomplishes two things, it lets the rack hook fall 
into position to hold the rack and liberates the warning pin, 
allowing the striking train to run an^ the clock to strike. 
This it does. At each revolution of the pallet wheel «C and 
gathering pallet H, one blow is struck upon the bell and one 
rack tooth is gathered up. The striking continues until the 
rack teeth are all gathered up and the wing of the gathering 
pallet again comes to rest upon the pin in the end of the upper 
part of the rack. « 

This is the whole operation of striking the hour, and it 
should be studied most carefully. Once mastered, no diffi¬ 
culties will be found in cleaning or repairing these clocks. The 
best way to familiarize one <,vith every movement^ is fo take a 
dock erected and going, remove the hands and dial as it ^stands, 
pin on the hands again properly, and turn them slowly towards 
the hour. Watch what happens at the “ run ” or “warning." 
Watch the warning lever lift, the rack fall, the,train run, and 
the warning pin stop against the stop block of the warning' 
lever. Then continue the forward motion of the hands until 
the warning lever falls and liberates 'the train. After this 
point, things move too fast to watch effectively, so place the 
finger tip upon the fly and only let it turn half a turn at %»time. 
Then the exact way the gathering pallet and rack act may be 
seen, until the gathering pallet finally comes to rest upon the 
rack pin. 

A grandfather *clock is taken to pieces and cleaned exactly 
as an eight^ay English dial clock. It is a Jjttle more difficult 
to ptCt together because of the larger number of Vheels, etc.,® 
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but if the top plate is put on and the long pivots got in their 
holes, the* winding square^, centre arbor, seconds pivot and 
pallet wheel pivot, the pins may be put in the lower pillars to 
hold that end of the plate <Jown, and the rest got in one by one 
until the plate drops on flat. 

Theo put in one upper pillar pin, put on the rack, rack hook, 
and gathering pallet, not pinning any of them. Cause the 
striking train t© run by pulling the line of the striking barrel, 
and continue until the rack is gathered up and the gathering 
pallet rests on the rack pin. '^rtien look at the hammer. •It 
should have just struck a blow and its tail should be quite free 
of the liftbg pins in the pin-w*heel. IMt is half lifted for the 
next blow, t^ke off the gathering pallet and replace it on' 
another square and try again. If none of the four positiijns is 
correct, one being just*too soon to let the hammer fall, and 
the next not stopping the train until the hammer begins to be 
lifted for the next blow, it shows that the pin-wheel must be 
shifted one tooth round in the pallet wheel pinion. To do 
this, take off rack,track-hook, and gathering pallet, remove the 
upper pillar pin and raise the plate sufficiently to get the top 
piwt of the pin-wheel out of its hole. Then turn it one tooth 
ana push back, taking care that the pallet wheel has not 
moved. This has the effect of advancing the pins of the .pin 
wheel without advancing the gathering pallet. 

Put on the rack, etc., and try a^ain, and a position should 
be fouixi In which, when the gathering pallet stops, the hammef 
has just*struck and is quite free. If a clock is passed with the 
hammer “ on the lift,” the striking will fail to go off, as the 
train just at starting must have no* resistance offered to it. 
When once on^he run it will overcome a great deal, but it will 
refuse to start unless quite free. 

Having got this par^ right, see where the warning pin is. 
It should be half a turn at least from the stop-block of the 
warnii^ lever so fts to have half a turn of “ ru« ” at the 
warniifg. If not, raise the plate again and shift it round. 
This is simpler than moving thtf pin^heel and is easily done. 
Get out the yarning wheel bottom pivot and bring its pinion 
clear of the pallet-wheel teeth, turn it round, ^nd replace. 

There are the two points to look to in a rack-striking train, 
^irst, the ha«Mner*must have just struck a blow when* the 
train stopi|^and must be quite free from the lifting f^ins. 
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Second, the warning pin must have not less than half a turn of 
run ” to the warning lever stop block. Then ctll will be 
well. 

Several little faults sometimes occur in the striking work, 
chiefly in connection with the snail, rack, and gathering pallet 
action. Sometimes the rack tail gets bent, or moves upon the 
rack and causes trouble. This may make the cjock strike one 
more than it should or one le^s, and the remedy is to bend it 
back or move it. until when on the one o’clock step of the 
snail it strikes one, and when on the deepest step, twelve. 
Then, if loose, fix it wkh solder or trivet it on tight. If the 
^clock only strikes one too few or one too many at one or two 
hours, it is probable that it nearly does so at all the rest, 
and 2. slight movement of the rack tail ;will correct them all. 

In putting on the hour wheel and snail, take care that at 
the hour, the snail is in position so that the pin in the Tick tail 
falls upon the centres of the steps. 

When the clock stops between twelve and one o’clock, and 
the hands seem fixed, it will be found that the rack tail has 
jambed tight against the long step of the snail. The cause of 
this is a failure to strike. The rack has fallen and the clock 
not having struck, the rack tail has remained until the long step 
conning round, it has stopped the clock. This is a frequent 
cause of damage to the rack tail. It indicates a fault some¬ 
where in the striking work,^such as bent pivots, a haminer left 
“ on the rise,” or a catching of the gathering pallet on the points 
of the rack teeth. 

The latter is a common fault. If the rack falls the least 
trifle too far, the gatherirfg pallet point may catch on the point 
of the tooth. The remedy is to bend the rack tail a trifle. 
Such faults can be located by placing jhe finger tip on the fly 
and only allowing it to turn a little at a time as before described 
while the action is carefully watched. 

The pivots of the striking train should be kept smoei^h and 
straight, the holes well bu^shed, or else a disagreeable rattling 
sound will be heard during striking. The fly should be held 
friction-tight upop its pinion by a spring. If this*is too loose, 
it allows Ifee pinion to run round without the fly and the striking 
is to;p rapid. If too tight, there is a suddeiwstop and a rebound 
when the train comes to rest, instead of a smootK, steady stop. 
To tighten a fly spring, the fly must be taken off i& j^ion, it 
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cannorbe done when the clock « together, 80 AooM 
be tested ^hen cleaning. , . • a 

To ma'ke the clock strike exactly at the hour, the mii^te 
wheel may be shifted in the cannon pinion until correct, and to 
bring the falling of the rack tail pin to the centre of the steps 
of the snail, the hour wheel may be shifted in the leaves of the 
minute pinion a tooth or two. 

The rack opring should be fairly strong so as to make the 
rack fall sharply; if weak, sometimes the rack rebounds from 
the snail and the rack hook catches it on the rebound, maki/ig 
the clock strike one or two short. This is especially liable to 
occur at Vhe longer houfs, nine to t'i’elve o’clock, when the 
Tack falls a considerable distance, and happens when the hands 
are set forward to set the clock to time. 

In oiling these cloeks, oil the rack pin where the gathering 
pallet wing rests, the minute wheel lifting pin, the warning pin, 
and tfie pin wheel lifting pins. Also the point of contact of 
the rack spring and the hammer spring. 

A dry or rusty* pin in the rack often will prevent the rack 
falling by causing harsh friction at the gathering pallet wing. 
A, dry or rusty warning pin will prevent the warning lever 
falling freely. 

Finally, before setting one of these clocks up and leaving 
it, strike it round twelve hours to test the mechanism thoroughly, 
and when putting the hands for^vard quickly, pause at the 
warning to give the rack time to settle, or the clock will strilie 
a shorfnumber. 

In setting up a grandfather clock, see that the pendulum 
bob is quite free from the case bac^. This may be attained 
by tilting the*movement forward a little or shitting its seat 
board forward. Failing these methods, place something 
behind the back of the clock case to tilt it forward a little. 
The case should stand quite firm and if possible be fixed to 
the wall by a scre^ to steady it. • 

ilie simplest and most accurate way to set the clock in 
beat is to bring the pendulum to r«st and make a pencil mark 
on the cas^ back behind the end of the rod. Then draw it 
gently to either side and make two other marks where it 
“ beats.” These should be equi-distant from the central one, 
;ind if not, tketcrdlch must be bent until they are so. • 

, A new^^e may be generally put on as the clock 8tand<(, 
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turning the barrel round until the line hole is outermost, 
and inserting the new gut and drawing it through with a hook. 
A knot is tied and the end burned*to prevent it untying, then 
drawn and pushed back in its hole. 

Most grandfather clocks go eight days, but a few old ones 
only go thirty hours. These are arranged upon a different plan 
and as a rule have one weight for both going and striking 
trains. This weight hangs on an endless chain pr rope and is 
kept taut by a small secondary weight to prevent slipping. 
They are wound by drawing up the weight by means of the 
line. A frayed rope should be replaced by a new one, which 
must be spliced or halved and* sewti together. Special soft 
fopes for them can be bought at clock material chops. The- 
wheel spikes must be kept sharp. 

The striking mechanism of these olocks is often on the 
“ locking plate " system, which will be described later on. 

This is not a history of clocks and clockwork, or mudh that 
is of interest might be said about these clocks, their age and 
their makers; how the pattern and form qf the dial reflects 
their age and the advancement of the art of timekeeping; how 
they have developed from the old ‘‘one hand” clock with 
hours divided into quarters, etc. ** 


bracket Clocks. —The same may be said of English 
bracket clocks. These ha'^ the same pattern of movement 
and striking work, the older ones “locking plate,”*and the 
newer ones racks, and they will need no special directions to 
clean and repair. 


. Locking-plate Striking Work.— Eig. 77 shows the 
back plate view of a locking-plate striking mechanism. A is 
the pin wheel which lifts the hammer. B is the next or “ cam ” 
having a brass disc or cam upon its axis, in which is an 
opening for the arm G to fall into, and stop the strikingrtrain. 
C-h* the warning wheel, D tjie fly. F is an arm attached tp the 
same axis as G and resting upon the rim of the locking-plate . 

L J are th^ee arms attached to one axis aflid acdog tta 
; J is 0;utside the front plate and lifted by the pip in the 
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the pift in the warning wheel C. H extends downwards and 
is bent at?a right angle to pass under G and lift it. \ 

The locking-plate is the portion that determines the number 
of blows struck at each j^our. It is a disc of brass, mounted 
upon a wheel which is turned once in twelve hours by a pinion 
on the outer end of the pin-wheel axis. The disc has twelve 
deep slots at distances equal to i, 2, 3, etc., up to 12, the first 



and second slots being so cloSe together as to run into one 
slot of^doubl^ width. 1 

The action is as follows: As the hour ft approached, ^ 
; advancing pin in the minute wheel lifts J, H and I*also 
f Snn»one piece. I comes in the path of the 

Mes G a^ F. Th^ effect of this ji 
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hook G is raised clear of the slot in the cam on B and liberates 
the striking train, which runs until I catches the warning wheel 
pin. The minute wheel advances until J drops at the hour, 
liberating the warning wheel and allcwing the clock to strike, 
G resting on the edge of the cam as it revolves, and F resting 
on the rim of the locking-plate. Each time the slot'in the 
cam comes round (once for each blow of the hammer) G 
would be free to fall and stop the train if F were hot supported 
by the rim of the locking-plata. But F is supported by the 
locting-plate until a slot comes in position under it. So the 
clock strikes until a locking-plat^e sUt comes under F, then 
»G and F fall and G ca\ches the cam-wheel B and ’stops the 
train. , 

There are many variations of this striking work, but the 
underlying principle is the same, and with*’ the clock before one, 
it is easy to follow the action. To study it carefully, plage the 
finger tip on the fly and let it only turn slowly while the action 
of the various parts is watched. If allowed to run in the 
ordinary way, they move too fast to follow with the eye. i 
Sometimes a locking-plate is 
made by drilling twelve holes ct 
distances i, 2, 3, etc., and inserting 
steel pins. Then the action is re¬ 
versed, as in Fig. 78, the arm F 
bdmg raised by each pin to. stop the 
Fig. 78. -Pin Locking-plate. Striking, and falling betweerf them 

while the clock strikes. When this 
kind of locking-plate is used, the action of the other parts is 
modified to suit it. ‘ 

As the pin wheel (A, Fig. 77) has eigjit lifting pins, if a 
pinion of eight leaves is fixed to it its back pivot outside the 
plate, one leaf of the pinion will represent one pin, or one 
blow of the^ hammer. So for the locking*j)late to make one 
revolution in twelve hours, it must be mounted upon a^wheel 
of seventy-eight teeth driven ^y the pinion of eight, seventy- 
eight being the sum of the numbers i to 12 inclusive, or the 
number of blows^ of the hammer in twelve hour*. Mounted 
thus, the Ipcking-plate may be looked upon as divided into 
seveyty-eight spaces, with slots at the ist, gnd, 4th, 7th, iith,^ 
16th, 22nd, 29th, 37th, 46th, 56th^ and 67th Afisions, The 
tSt a?^d 2nd will merge together forming one wide blot. 
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In pitting one of these clocks together, the same two 
points muft be considered as in rack clocks. First, the hammer 
must have just struck one blow when the train stops and must 
not be partially lifted for*the next blow. The hammer tail 
should not touch the lifting pins. Second, the warning pin 
must bd at least half a tuin from the stop block of the warning 
lever. 

The striking train will stop ^'hen the arm G falls into the 
slot in the cam B, so the piniort of B must be placed in such 
a position in the teeth of the pm-wheel that when the hammer 
tail escapes from a jfinf tlio cam is in position to stop the 
train, andif^iot coricct at the first t*me of ])ulting togethcrf 
the plate must be raised and the pinion shifted as regards the 
teeth of the pin whee]. To get it quite correct, it may have 
to be shifted several times, but it must not be passed until 
correot. 

When this is made right, turn to the warning wheel and see 
that its pin is half a turn from the warning lever stop block 
when the train is locked. If not, shift it by raising the plate 
until its top pivot can be got out of the hole and give it the 
n^essary turn round before slipping it in again. 

Sometimes after cleaning one of these clocks, it has a 
tendency to strike one too many, or to strike two hours without 
a break, the arm F not seeming to fall clean into the slots of 
the locking-plate. When this hap]^ens, try the locking-plate in 
a dififergnt position on its arbor, also try the pinion that drives 
it in a drtferent position until one is found in which the striking 
is correct. There is always a little want of jierfect truth in 
the best handivork, and these clocl^s are all made by hand, 
the parts being ofjen only true when on their arbors in the 
position in which their makers fitted them. 

To many not brougfit up to the business of clock making, 
striking work is a puzzle, but it will be quite simple if the two 
essen^ls are borne in mind, .viz. the hammer must not be 
“on tlfie lift,” and there must bg ha]f a turn of “run,” and by 
following the instructions in this chapter, this may be attained. 



CHAPTER IX. 


FRENCH AND AMERICAN STRIKING CLOCKS, 

Ordinary French Rack Striking.—French movements 
like tl'tat shown in Fig. 57 are made bplh with rack striking 
and locking-plate. Fig. 79 shows the arrangement of a French 
rack striker. When compared with the English form,©many 



Fig. 79.—French Rack-striking Mechanism. 


points of difference will be seen. The snail has no ** steps,” 
but is merely a continuous curve. The rack is placed horizon¬ 
tally and ^alls by its own weight only. Also the clock is 
arranged to strike one at the half-hour. 

’fhe mechanism acts as follows ; As the hdlif approach^^ 
It the ca^on pinion lifts the arm D, to is 
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fixed tiie warning arm E. At the top end of E is the usual 
stop bloclt passing through a slot in the plate and engaging 
with the pin in the warning* wheel. A pin in the rack detent 
F also rests upon D, so that when D is raised, the detent F 
rises also and lets the ra€k B fall upon the snail A. The 
detent F is squared on to the front end of an arbor that goes 
through*the frame plates and carries the arm G which has a 
stop block at jts end, engaging with the locking pin in the 
pallet wheel as in Fig. 8o, this being 
between the plates. Therefoi^, when the 
detent D is raised and the rack falls, G 
is raised also and liberate# the pallet wheel. 

The train the* runs until the warning wheel 
pin is stopped against the block on E. 

This is the warning. Tiie pin in the cannon 
pinion continuing to advance, at last leaves 
the point of D and lets it fall. This effects 
two things. The warning pin is liberated, 
allowing the clock Jo strike, and the detent 
F falls against the rack teeth and supports 
it as it is gathered up tooth by tooth by the gathering pallet. 
WlTfen the last tooth is gathered up, F falls under the end of 
the rack and G intercepts the pin in the pallet wheel a^ in 
Fig. 8o, and the striking train comes to rest. 

To strike one at the half-hour, t^ere is another pin in the 
cannon pinion placed a little nearer to the centre than the on^ 
which lets off the hour striking. This lifts D not quite so high, 
but just high enough to raise F and G until the pallet wheel pin is 
liberated and the warning takes place, but not high enough to 
let the rack fall • At the half-hour D, E, F, and G fall, and the 
pallet wheel runs on« revolution until it is again stopped, as in 
Fig. 8o. , 

As in all striking work, there are two things to bear in 
mind when putting i 4 together. The hammer must aot be “ on 
the risetf when G locks the pallet wheel as in Fig. 8o. This 
is governed by the position of the pallet wheel pinion in the 
teeth of the pin wheel. One leaf of the pinion is filed to mark 
it, and in the fim of the pm wheel there is a*dot against one 
tooth space. When standing the wheels up on the pltte ready 
to put together, glad the filed leaf of the pinion in Ae dotted 
spAc^, The (jtner point is that when the pallet wheel is locke4 
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as in Fig. So, the warning wheel pin must be half a turn from 
the warning lever stop block. There is a dot also in the rim 
of this wheel as a guide in pulling, together, and wlien the pin 
wheel and pallet wheel are in position as before described, this 
dot in the warning wheel goes next,to the fly pinion. 

Even when carefully put together by these marks, sometimes 
it will not be quite correct, and in that case the plate must be 
raised and the wheel or pinion moved a tooth as required. 
Some clocks have a small cock or bar that is iemovabie and 
enables the wheel to be movei without raising the plate. In 
no case must the plate be raised while there is any power on 
the train, so all the testing shoqld be done before winding up. 

' It is quite simple; as soon as all the wheels are in, turn the 
pin wheel round once, let off the hammer tail and bring it to 
rest against the stop G. Hold it there while the freedom of 
the lifting pins is observed and also the position of the warning 

The greatest care should be taken not to bend the pivots 
when putting these clocks together. 

The snail having no steps, it is important that it should be 
put on in the right position, or wrong numbers may be struck. 
A dot will be found on the cannon pinion against a tooth ;'nd 
another on the minute wheel against a space. Put these 
together, and while so, put on the hour wheel and snail with 
the dot in the minute pinion, then all should be right. But it 
.must be carefully tested at 12 o’clock to see that the rack tail 
does not jamb against the long step of the snail, and also at 
I o’clock to see that the tail falls safely on the high part. 

When one of these clocks is found stopped between 12 and 
I o’clock with the rack tail jambed against the long step of the 
snail, it shows that the tail did not have sufficient clearance 
when it fell at 12 o’clock, or else it incficates a fault in the 
striking mechanism that caused the clock to fail to strike. 
This failure need not have occurred at 12 o’clock, but may 
have been at any hour, the rack tail simply resting on the snail 
until the long step came round and stopped it. 

There are many possible causes of failure to strike. Break¬ 
ing of the striking mainspring, the striking side not being 
wound, p bent pivot or a bent tooth in one of the wheels, bad 
dejpths, a dry or rusty warning pin, a. fly “out of poise” 
(heavy on one side, causing resistance to starting), a haminer 
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“on the rise,” or the gathering pallet catching on the points of 
the radk teeth. The latter fault can be cured by moving the 
hour wh^l a tooth in the minute pinion, thus letting the rack 
fall not quite so far, or a little further, as the case may be. 

If the clock strikes thf? hour at both hour and half-hour, it 
shows that the half-hour pin in the cannon pinion lifts D too 
high and the remedy is to bend the pin inwards towards the 
centre of the cannon pinion. If it only strikes one at the hour, 
the hour lifting pin must be bent a little outwards so as to lift 
D higher and let F release the ^fack. 

When the clock has finished striking, the proper position 
for the gathering pallc 4 i^» poiyting upwards. 

Locking Plate.— Fig. 8i shows the mechanism on the 



, Fig. 8i.— French Locking-plate Mechanism (Front Plate). 

front plate and Fig. 82* that 6n the back plate of a French 
locking-plate strikiag mechanism. ^ 

AWn the rack striker, D is the letting-off lever and E, in 
one piece with it, is the warning Ipvey, F is an arm squared on 
to the locking lever G which is between the plates, and locks 
the pallet wh8el as in the rack striker, as in*Fig. 80. A pro¬ 
jecting piece on G comes through a slot in the back-plate and 
rests on the edge oSthe locking plate A, Fig. 82. ^ 

The locking plate is made on the same principle as the 
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English one before described, except that the spaces aie each 
of double width, to enable one to be struck at each iialf-hour. 
In making such a locking plate, it§ rim is divided iifto ninety 
equal parts, two being cut out between each hour. 

^ The mechanism acts thus: As die hour is approached, a 
lifting pin in the cannon pinion raises the lever D and warning 
arm E. F also rises, and with it the locking arm G, liberating 
the train which then “ runs ” qntil E catches th^ warning pin. 
At the hour, D falls, E falls also and liberates the warning pin 
and the clock strikes. As it stnkes, the locking plate A slowly 



Fig. 82.—French Locking-plate Mechanism (Back Plate), 

turns and the projecting (gtud on G, which rests upon its edge,' 
cannot fall until it reaches a gap. It then fall^ and G catches 
the pin in the pallet wheel and stops the train. 

• ,• At the half-hour, exactly the same- thing occurs, but as the 
stud on G rests in a double gap on the edge of .the locking 
plate, the pallet wheel is again stopped by G when it has made 
one revolution, and consequently the clock only strike^^ne. 

' This locking plate striking is very simple, but is subject to 
the same remarks as the rack clock. The hanyner must not 
be ** on the rise/*^ and the warning pin must have half a turn of 
run, Tlfe same marks are there as guides in putting together, 
and the wheels are adjusted to one afiotlir* in the jssane 
manner. 
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If from any cause, a locking-plate fails to strike, it simply 
misses an^hour or a half-hour as the case may be and the 
striking becomes wrong. When it does so, look out for a fault 
as described in connection with rack clocks. 

In French clocks, whf^ther rack or locking-plate, if the 
clock strikes a little before or after the hour instead of just at 
the hoifl:, the easiest way to correct it is to bodily twist the 
pipe of the cannon pinion so that the hand points to the hour 
when the lifting pin lets D fall. *Then if the half-hour is not 
quite right, bend the half-hour pvi a little forward or backward 
as required. But the hour is t?re most important. Sometimes 
the spacing of a locking 'platq seems not quite right, causing 
wrong numbers to be struck. In such a case try the plate in 
another position on its square until one is found at which all', 
hours are correct. 

C^riage Clock Rack Striking. —French carriage 
clocks generally have another form of rack striking, which is 
simpler and very certain in action. It also has the merit of 
enabling the clock to repeat the hour when a button is 
pressed correctly right up to the moment of striking. If 
a #ack-striking clock of the ordinary form were provided 
with a button to raise the rack hook and let the rack 
fall for the purpose of “repeating” the striking of the,last 
hour, it would not act after the clock had “ warned,” 
between ^bout five minutes to the ,hour and half-hour and the 
time of* striking. This is owing to the fact that E holds thb 
warning wheel and does not release it until the time for 
striking. Also towards the hour, the clock would probably 
strike one too^ many owing to the siail having travelled and 
the next step having come round. 

So a variation l^s to be made in repeating clocks to effect 
two things. First, there must be no “warning,” so that the 
train is free to run up to the last minute. Second, the snail 
must not travel gradually, but must be made to jump a step 
just iJIfore the hour. 

Fig. 83 shows the arrangenrent,* and it is so good, simple, 
and certain* in action that it constitutes a considerable 
improvement on ordinary rack striking in any form of clock. 

First as regards the snail, it is mounted on an iiidependent 
**star wheel/ A, ^hich has twelve long-pointed teeth .and 
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revolves upon a stud fixed in the front plate. It is held in 
position by a spring “jumper” D, and is moved about one 
minute before the hour by a pin' in the cannon binion B. 
This pin engages one of the long teeth of A and gradually 
moves it forward until a tooth point of A passes the point of 
the jumper D. Then D completes the motion and (jrives A 
forward one division suddenly, and this is timed to occur just 



before the hour-striking is let off. The exact time of jumping 
is determined by the position of the pin in the cannon pinion. 

The rack G lies horizontally as in all French 6iocks, 
and the rack detent F is of the shape shown and has a pin I 
in its upper end. The letting-off of lever J wo^s on a stud 
at its upper end and has a horizontal arm H jointed to it. 
At the end of H is a notch which engages the pin I in the 
^rack,detent. i 

It all acts as follows: As the hour approac^^ies a pin in 
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cartnoji pinion draws back J and H until the notch in H 
is drawn past the pin in F, upon which it rests. At the hour, 
the star wheel jumps, J is released and its spring causes H to 
advance, and the notch in ks end catching the pin I pushes the 
rack detent F outwards an*d lets the rack fall. F is squared on 
to an asbor passing through the clock plates and carrying an 
arm which locks the pallet wheel (as G in Fig. So), so that the 
same action that releases the rack, also releases the striking 
train, which immediately ruqs and the gathering pallet 
commences to gather up tbt rack. The wing E on the 
gathering pallet as it pojjnes round raises H and lets F fall 
into the rack teeth. Wlien tire rack is all gathered up, F falls 
further in anTi the locking arm between the plates, attached td 
it, locks the pallet wheel as at G (Fig. So). - v ’ 

lo make the clock strike one at the half-hour, there is a' 
levgr J.K. The arm L is depressed by a pin in the minute 
wheel, just at the half-hour, so 
that K comes under a pin in 
the lower end of >he rack and 
only allows it to fall one tooth. 

Tie letting-off mechanism acts 
in exactly the same manner at 
hour and half-hour. i J 

To make the clock repeat 
there is a piece, Fig. S4, working , 
on a sti^d at the top of the clock 
plate. A press button in the 
case depresses.A. The long 
arm that goes^ downwards has 
two pins, one presses back the 
rack detent F and lets the rack 
fall, and the other holds(*back IJ. 
so that the rack can fall quite 
clear even if K is* in position 
to stop it. A pin at B going 
through the plate, catches the* 
fly and holdfi it until the finger 
is taken off the press button, when the clock will repeat the 
last hour. 

, In carri^e clocks, designed to act in any position and to 
perfora eveffwhen packed upside_down in a portmanteau, yt is 
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Fig. 84.—Repeating Lever. 
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essential that every part should act by a spring. Th«refore 
the rack is provided with a spring to make it fall, <he rack 
detent, the lever LK, and the repeating piece (Fi^ 84) all 
have springs, although when in an upright position most of 
these parts would act quite correctly without them owing to 
gravity. 

In a repeating clock, it is necessary for the mainspring of 
the striking train to be extra long, or to give an^xtra turn, as 
if repeated many times, there'would be a risk of the striking 
train failing before the end of tT^ week was reached. 

When cleaning these clocks, as usual, see that the hammer 
is not “on the rise" when the*pallk Vheel is locked. As 
tiiere is no warning, it is simplified to that extent, r The rack,, 
the levers J, H, L, and K must all move quite freely and their 
spring^i must be oiled a little at the paints of contact. All 
lifting pins should be oiled and the face of the jumper D. Take 
care that the minute wheels are so put together that L is<ifted 
80 as to stop the rack falling at the half-hour. There will be 
dots on the minute wheels for this purpose. 

Being a carriage clock, all the plates, etc., must be nicely 
polished, and it is necessary to remove every lever and spring 
before polishing. It is well to keep each spring with l!s 
part^and lay in one place on the w’orkboard to avoid 
confusion. 

• American Locking Plate Striking Work.t-Fig. 85 

shows a typical American striking movement. The jjbeking 
plate C is generally mounted upon the front plate, though it is 
sometimes upon the main wheel between the plates. The 
locking arm B dips into ftie slots in the locking plate and its 
inside arm rests upon the cam G, as in ap English locking- 
plate clock. A is the letting off lever and is between the 
plates, its second arm E raises and^its third arm F acts as 
a warning Wer. Its lowest arm I is raised by the projecting 
wire H on the centre arbor. 

As usual, the hammer ^must not be on the rise when the 
clock has just finished striking, and it may be regulated by 
altering the relative positions of the cam wheel ai*i pin wheel, 
raising th% plate and moving one a tooth or two as required. 
Jhe^warning also must have half a turn or^so of run and that 
.l»ay*require shifting also to adjust it. 



AMERICAN STRIKING WORK lOl 

THttre are no marks in these clocks tor putting the striking 
train togrther correctly, so it must be put in by giiesswork at 
first, trieci before winding the spring, by forcing the pin-wheel 
round and causing a few blows to be struck, and altered until 
correct in these two main {Particulars. 

Th^ thin end of the dipping arm B must dip centrally into 
the «lots in C when the cam wheel allows it, and B must be 



adju^d by bending at the corner or elbow. These arms 
being wire, sometimes get bent^ so it is essential to understand 
their action ^to be able to bend them back again. It should 
be noted that the gap in the cam on the cam wheel is to let 
the upper arm of B fall so that the thin end of the*>wer arm 
may dip into tj^e 4 ocking plate. These two arms shou^ be 
adjusted soAhat when the thin end dips into a deep slot, the 
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,upper arm is well in the gap in the cam, and when the upper 
arm rests on the edge of the cam, the thin end of Jhe lower 
arm cannot catch in the locking plate slots. A little careful 
bending will effect this after one or two trials. - Then the 
lifting arm I must be bent until its lower end is released 
exactly at the hour. When it falls its top arm should fall clear 
of the path of the warning pin, and when raised, the tbp arm 
should intercept the warning pm. The middle arm E, when 
raised, should raise B out of fne cam slot, and when dropped 
should let B fall right into tlte bottom of the cam slot. A 
study of the English locking plale in the last chapter will help 
to its proper understanding. 

,«• i There are many variations of this mechanisipi found in 
American and German striking clocks, but a study of the three' 
forms.,of locking plate here described, .the English, French, 
and American, will enable all variations to be easily mastered. 
|The thin wire K is to enable the owner to strike thecclock 
round to the correct hour. Pushing it up raises B. 'i 

1 '' >' In all there is a locking plate, a lever that rests upon it and 
falls into its deep slots to stop the striking’train. In all, the 
letting-off lever, raised as the hour approaches, effects the 
“warning,” and when it falls releases the warning pin and Itfts 
the clock strike. 

Vienna Regulators generally have 
rack-striking work similar in pattern to 
English clocks, and the snail is mou^^ted on 
a star wheel like that in Fig. 83, so these 
will need no special reference. 

Regulating Fly.— Good clocks that 
strike upon large gongs'are often supplied 
with large regulating flys, to ensure slow 
running and give a meaps of securing slow 
or fast striking as desired. Fig. 86 |hows 
such a fly. • The fly pinion is made of extra 
length and comes through the back plate C, 
fng~’being* held by & large “ fly 
cock” B. The pinion carries a cross 
arm and two square vanes, A, A, mounted upon studs that 
can 'be turned to any angle, like the fly of ti Kjusical box^ 
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By thi<j means greater air resistance is got, and by setting 
the vanes at an angle, the resistance may be modified as 
desired iVom almost nothing at all when set edgeways, to a 
maximum when set as in the figure. The cross arm carrying 
the vanes turns upon the pinion and is kept friction-tight by a 
flat spring underneath it, and a pin through the pinion body 
keeps il together. 

Hammers, Bells, and Gongs.— Bell hammers should 
not fall direct upon the bells, but must be arrested by a fixed 
stop just before hitting the b*ell, the elasticity of the hamrfter 
stem and the stop aWo^ing.the bell to be struck. If the 
^hammer he^d is too close to the bell it will chatter, if too faj 
olf the blow will lose in force and loudness, so either the stop 
must be adjustable c^r the hammer stem flexible enoi^h to 
bend for adjustment. 

A*bell sounds its best when held loosely. Wood or leather 
washers of small diameter are the best to hold them, and their 
screws should not be too tight. Good clock bells are brittle, 
hard, and easily "broken, and the hammer heads should be 
preferably of brass, giving a better tone than steel, and less 
Ifeble to injure the bells. 

A gong made of wire in the form of a spiral coil gives a 
pleasing tone. Soft steel wire sounds only moderately woll, so 
the best are of hardened and tempered steel. Gongs made of 
flat wire instead of round, and of ihick and heavy section, give 
a ful% and richer tone than light ones. The wire should 
always be brazed into a block of brass, that should in its turn 
be screwed to the clock plate or to a “ standard.” A gong 
standard is a Jieavy block of iron of steel set upon an upright 
rod and bolted through the wooden case bottom. This rod 
vibrates and adds’ to the tone of the gong, and the wood case 
bottom acts further asti sounding board. 

A gong hammer should have a very elastic “ stop” allowing' 
it tQj. bounce a little. The head should be facftd with hard 
leather for softness of tone, and the point at which the gong 
should be struck is exactly bver the centre of its circular 
coils. 

If a jarring noise accompanies the striking of a gong clock, 
it generally pointy to something loose in the fixing the gong 
•standard or>hesounding board. In marble clocks with separate 
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sounding boards, if the corner ’screws are looser much 
unpleasant jarring will result. Or in carriage cloclCs jarring 
can often be stopped by inserting diin pieces of corlc between 
the edges of the various glass panels if they happen to be 
easy in their frames, any loosehe^fe of the glasses causing 
trouble. 

Straight metal rods are sometimes used as gongs, especially 
in some German bracket clocks, and do not souud bad, though 
their tone is uncertain and the sound has no great carrying 
po^wer. In some of them the “ harmonics ” are so loud that they 
actually predominate and it is difficult to say what is really the 
ground note that the gong is intended to sound. This is 
especially noticeable when a set of four such rod-^ngs is used, 
to chime the quarters. Then the “ tune " is sometimes hardly 
recognizable, some rods sounding their ground note and others 
their harmonics, which are of course all higher notes. 



CHAPTJER X. 


QUARTER STRIKING AND CHIMING CLOCKS. 

Ting-Tang Quarters. —What are known as ting-tang 
quarters arJ^struck on two bells or gongs, at the first, second; 
and third quarters, and at the hour, the hour alone is struck 
upon the lowest. Irt small clocks the hours and quartdts are 
generally operated from one striking train, and there are two 
main Systems on which it is done, both using the rack form of 
striking. ^ ^ 

In the first system, which may be seen in either English 
bracket clocks, French car¬ 
riage clocks, or German 
clocks, the hours and quarters 
are all spaced and cut 
upon one large snail and 
only one rack is used. This* 
is perljapS the simplest form 
of all, but has the draw¬ 
back that it cannot be used 
in repeating clocks without 
risk of stoppage or incorrect 
repeating, or unless a good 
deal of complicatiojtt is ^ 
added. But for clocks not 
required to repeat,* it is the 
best.^ 

Fig. 8 7 shows such a snail. 

It is divided into twelve main 
sections, one for each hour. 

Each hour portion is again 
^vided int^foitr.* The first small division allows the rafk to 
fall one toom to strike the first quarter at 15 minutes post the 



Fii:;. 87.—Hours and Quarters cut on 
one Snail. ^ 
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hour. The second small division l6ts the rack fall tjyo teeth 
for the half hour. The third lets it fall three tee^h for the 
third quarter. Then comes the fourth section witH the hour 
slot. r ‘ '<1 

f There are two hammers, the arbors of which are one above 
the other, as in Fig. 88, A and B. C is the pin wheel which 
lifts them both as it turns round. A and B are so spaced that 
A falls from its lifting pin just before B and ^ produces the 
“ting-tang." At the first thVee quarters both A and B are 
lifted by the pin wheel. At th^ first ([uarter the pin wheel turns 
orfe pin space and one “ ting-tang ” is sounded. At the half- 
hour the pin wheel turns two pin splices and “ ting-tang, ting- 



tang " is sounded. At the third quarter the pin wheel moves 
three pin spaces and “ ting-tang, ting-tang, ting-tang " is sounded. 
At the hour the pin wheel turns as many spactjs as the hour 
requires, and if the hammers remained as before, would sound 
one “ ting-tang " for each stroke of th^ hour. But there is an 
arrangement by which at the tt>p hammer A, which hits the 
smaller gong, slides out of reach of the pin wheel pins and 
leaves only tne hammer B to strike the hour in the ordinary* way. 
Fig. 89 shows the arrangenv^nt.^ There is a cam on the cannon 
pinion that moves a lever, the end of which, B, is bevelled, 
and forces the hammer arbor A back about jq in. so that 
its lifting^arm is oiit of reach of the pin wheel pins. When 
the cam on the cannon pinion turns past the^hour, the lever 
B falls down again and allows the spring C, on thV back plate*, 
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to slide the hammer arbor A back in position again. The 
arbor ^ 4s made with long pivots and has sufficient play 
between the plates to slide in and out of action. The spring 
C keeps it in action, forward against the front plate, ready to 
strike the quarters, and the^ le/^er end B presses it back against 
the back plate out of action at the hour. 

No 'special directions are needed to put such a clock 
together. As usual, see that the hammer (in this case both 
hammers) are ’not “ on the rise*” when the striking train is 
stopped. In putting on the cafinon pinion and cam, see that 
the lever B comes into action*at the right time, and in puttiftg 
on the snail take great*ca*re that the rack tail pin A, Fig. 87, 
falls freely the bottom of each hour slot whthout binding,, 
’Clocks made on this plan should not “ warn ” much before 
the hour because of ^le narrowness of the slots in the ^nail, 
and are best made with no warning at all, on the plan of 
Fig. ag. 

Another system is that often seen in French carriage clocks 
and is a modification of the striking work shown in Fig. 83. 
It has the hour ra*ck, the letting off-lever HJ, the rack detent 
F, the star wheel, hour snail and jumper exactly as there 
described. In addition it has a separate quarter snail upon 
the cannon pinion and a quarter rack which falls upon it. The 
quarter rack is on the same stud as the hour rack and -just 
behind it. The same gathering pallet gathers both racks 
together, and the same detent F falk into and holds both racks^ 

Tlx^ lever KL (Fig. 83) is in position to keep the hour 
■rack from falling except at the hour, when a pin in the cannon 
pinion holds it down and lets the hour rack fall. 

As in the*form first described fFig. 88), there are two 
hammer arbors both operated by one pin wheel. Each 
hammer arbor conges through the front plate and carries a 
hook or stop A and B (Fig. 9»). These stops are held back 
by a steel arm C, pivoted upon a stud at D. C is normally 
held ^own by a spring, but after striking, a pin th the hour 
rack raises it to the position shown in Fig. 90, holding back 
both hammers. 

As each quarter comes round, the hour rack falls one tooth 
on to the top of K (Fig. 83), and the quarter rack falls upon 
the quarter snail. The gathering pallet comes round and 
gathers the I^u?rack up one tooth, but both hammers being 
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Stopped, a sort of dummy blow is struck. Then C rises to the 
position shown in Fig. 91, leaving both hamriiers and the 
quarters are struck. 

At the hour, when the hour rack falls, C falls to the position > 
in Fig. 92, leaving only the lowef Ifemmer free to strike, and 
when the rack is gathered up, C rises again to the position of 
Fig, 90, the final tooth of the rack only resulting in a dummy 
blow. , 

The action is peculiar ancj a little confusing, but with the 
h^p of Figs. 90, 91, and 92, th& correct positions can be seen. 
When taking the clock to pieces, tht^ stops A and B should be 


Fjg. 90.—Both Hammers held up. 




marked so that they can^ be. put on the right arbors again. 
Also the arbors A and B should be marked. Confusing them 
will cause several mysterious faults. 

The ^ dummy blow before the quarters and after striking 
is a^o confusing, but js necessary and quite cgrrect. 

There are other mietho^ of quarter striking, Mtall depenS 
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upon thf suppressing of one hammer when the hour alone is 
to be strusk and restoring it again for the quarters. In all, 
the two hammer arbors are worked from one pin wheel as here 
described. 



Fig 93.—English Three-Train Quarter Chiming Mechanism. 


, Full Quar^er«Chimes. —Clocks that chime the quarterg* 
cib four pt ifght bells or gongs, chiming the _ four quah^ 


no 
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just before striking the hour, require three trains. Generally the 
'centre train is the “ going,” that on the right is the “'chiming,” 
apd that on the left the “ striking.’' 

Fig. 93 shows the usual arrangement of an English quarter-, 
[chiming clock. It will be seen tAat there are two snails, two 
'racks, two gathering pallets, and two warning levers, ete. The 
chime bells M are mounted upon a spindle supported by two 



uprights sci;ewed to the back and front ‘plates respectively.' 
The row of hammers, K, are jointed into a brass block screwed 
across the top right-hand curnrr of the frame and are supplied 
with light springs, L, to cause them to hit the bells when drawn 
back and released., The hammer tails are drawn back by pins 
in a chime drum or pin barrel, musical-box fashion, marked J. 
Thejpin barrel, hammers and bells are shoN/n,in ^Fig. 94. Irj 
this figure, B is the pin barrel, A the wheel mounted upon it, 
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by nieaos of which it is driven from the second wheel of the 
chiming U'ain, CC are the bell standards or supports screwed 
to the fraAie plates. 

The circumference of the pin barrel is divided into five 
portions, in each is pinned ^ “ chime." The barrel revolves 
twice per hour and for each tooth of the J rack gathered up, 
that is, for each revolution of the pallet wheel, one portion or 
section of the pin barrel passes under the hammer tails and one 
“chime" is struck. Thus, at the first quarter, the rack falls 
upon the first step of the J §nail B (Fig. 93), one tooth is 
gathered up, and one chin:je struck. At the half-hour, the rack 
falls two teeth and two chimes are struck. At three-quarter hour, 
the rack falli»three teeth and three chimes are struck. At the 
hour it falls four teeth and four chimes are struck. The sum 
of these, i, 2, 3 and 4*= 10. As there are five chimes pittned 
on the barrel, that equals two revolutions. No. i chime is 
given tt the first quarter, Nos. 2 and 3 at the half-hour, Nos. 
4, 5, and I at three-quarter hour, and Nos. 2, 3, 4, and 5 at the 
hour. 

The chime bells, generally eight in number, are all screwed 
upon one long steel spindle, separated by small wooden washers. 
As'*a rule these clocks are arranged to chime on either eight or 
four bells, at pleasure. “Westminster" chimes are on four 
bells and are taken on the 3rd, 4th, 5th, and 8th bells, No. i 
being the smallest and No. S* the largest. The order of the 
chimes is as follows :— '* 

Chime No. r— 3, 4, 5, 8 

» 2—5. 3. 4, 8 

,, 3—5. 4, 3, 5 

4—3, 5, 4, 8 
' >. 5 — 8 . 4. 3, 5 

These are the chime's now"*almost universally used when 
four bells are available, both in house and turret clocks. 

Wten eight or ten bells are used, there is no fixed order of 
chiming, but two rules are nearlv ajways observed, first, the 
No. I chime‘is a simple “ run," tnus 

1 = 2, 3, 4, 5, 6, 7, 8, 9,> 10 

Second.—Each ^hime ends on the lowest bell of the peal. 
Beyond these^wa rules, the fancy of the maker may have full 
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play, and among the many used, the following may be given as 
favourites for eight-bell chimes:— 

2 = 4, 6, 5, 3, y, 2, I, 8 

3 = 3 , 5 . 7 » 2 , 4 , 6 , 8 

4 = i» 4 , 3 . 6,>5/ 7, 2, 8 

5 ~ 4 > 3 j 2, I,'’ 5 j 7 > ^ 

The “change of chimes” is effected by sliding the pin 
barrel about in. A flat spring D (Fig. 94) screwed to the 
back plate presses upon the elongated pivot of the barrel axis 
and keeps it forward. In this position the circles of pins used 
for the eight-bell chimes com^ under* the hammer tails. A 
lever with a bevelled edge E (Fig. 94) is used to fprce the pin 
barrel back so that the circles of “Westminster^ pins come' 
undej- the hammer tails. The end of the lever E may be 
arranged to be operated from the dial edge or from a small 
circle in the “ arch ” of the dial, as fancy dictates. 

Returning to Fig. 93, the hour snail A is mounted upon 
a star wheel moved by a pin in the cannon pinion, as described 
and shown in Fig. 83 or upon the hour ‘vvheel. The hour 
rack C is of the usual pattern and has its spring and gathering 
pallet. The hour rack hook E has a long tail. The warning 
lever G also has a long tail, and is kept up by a spring. When 
up it stops the warning pin. The quarter snail B is on the 
minute wheel, and has at its back, four lifting pins which raise 
the quarter warning lever If. A pin, I, halfway up^ H raises 
the quarter rack hook F, and lets the quarter rack D fall. 

The mechanism acts thus: As the first quarter is 
approached, a pin in the minute wheel lifts the lower arm of 
H until the pin I lifts tke rack hook F and tl^ rack D falls 
until its tail rests on the first step of the quarter snail. The 
upper arm of H arrests the warning pin' as in an ordinary 
striking clock. The pin in thCf minufcg wheel, continuing to 
advance, lets H fall just at the quarter, liberating the warning 
pin and the rack hook, and the chiming train*'runs one revolution 
of the pallet wheel, while the rack is gathered up. Tfiiis is 
sufficient for one chime to be struck. ^ 

At the half-hour and at three-quarter hour, the same thing 
occurs again, the rack falling two and three teeth respectively. 
At the hour, the minute wheel pin comes round as before and 
liftScH, the quarter rack falls four teeth an($ ilB l^ft-hand en 4 
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strikes tlje tail of the hour rack hook E. This liberates the 
hour rackC, which falls, and the striking and chiming trains 
both run ithtil their warning wheels are stopped by the warning 
levers H and G. G is automatically raised by its spring as 
soon as the quarter rack falls ^ch quarter, but at the first three 
quarters the striking train is Iqcked by the wing of its gathering 
pallet upon the rack pin. But at the hour, the rack C having 
fallen, G catches the warning pin. Just at 6o minutes, H falls 
and the four chimes are struck! As the last tooth of the 
rack 1 ) is gathered up, the pii^ K pulls down the warning 
lever G and liberates the striking train. The hour is thdh 
struck. '' ® ^ 

To thoroughly clean and repair one of these clocks entails . 
a great deal of work. The process is the same as that used 
in dealing with an ordinary grandfather clock or eight-rday 
dial, but the workmanship being as a rule better, greater care 
may tue taken in regard to polishing. It is best when taking 
the clock to pieces to keep the striking and chiming trains 
separate, as the pallet wheels, warning wheels and flys are so 
much alike. 

When putting together, the same points must be observed 
as In ordinary striking clocks. The hour hammer must not be 
on the rise,” and the warning pin must have half a turn of 
“ run.” In the chiming train the pin barrel J must stop betw-een 
two chimes exactly, with no chime hammers half lifted. As a 
rule J is made to take out separately and can be easily placed^ 
(iorrecdy, especially if the gathering pallet be placed on the 
proper square. But the chiming train warning wheel will 
require adjusting like that in the striking train. These adjust¬ 
ments all haveio be made by raising*the plate and liberating 
one pivot of the wheel to be moved, turning the wheel round, 
and replacing. It is an awkward method and takes time, but 
must not be left incorredt or trouble will surely result. 

In a quarter-chigiing bracket clock with fusee and chains, 
somejittle difficulty may be experienced in putting on the 
going fusee chain, and it should therefore be put on first, before 
the other two make it more awkVarJi still. The plain fact is 
there is room for improvement in the arrangement of these 
clocks; as at present constructed there are too many wheels 
between one pair of plates. 

All lifting pins should be smooth and oiled and dhe 
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friction and resistance of letting off the quarters lessened as 
much as possible, or it may seriously diminish the^power of 
the clock. The cannon pinion sliould be firmly gripped by 
its spring so that it may turn stiffly enough to carry under all 
circumstances. If at all easy t\> turn, the resistance at the 
quarters will cause it to lag behind. , 

It should always be remembered that the more work a clock 
is required to perform, the le^ss free it is to keep even time. 
Letting off quarter-chiming work, moving date work and 
moon discs all take from the pQwer available for driving the 
train and pendulum. It must happeq occasionally that all these 
movements take place at the sarxie time* and this necessitates a 
driving power (if the clock is not to stop) far in e^vcess of that 
required for merely going and showing the time. From this 
it foHows that these clocks must generally have more power 
than they require to provide against the occasional moments 
when it is reduced by one-half, and the result is excessivt wear 
and tear and undue pressure on pivots, etc. 

Locking-plate Chiming Mechanism.—A quarter- 

chiming clock could be equally well made upon the locking- 
plate principle, having one locking plate for the hour striking 
train and one for the quarters. Or a two train “ ting-tang " 
clocic might be made with all the hours and quarters set out 
round one large locking plate. But they would both be liable 
tp the fault, viz. if the strfking failed at any time,* the entire 
series would be upset. The same thing would occur "if the 
clock were allowed to run down, whereas with rack striking 
and chiming, if one hour or quarter failed, the next would 
strike correctly provide*d nothing jambed in’ the train or 
snails, and the best rack clocks are provided with spring tails 
to the rack so that if failure occurs, the tail will rise and pass 
over the snail without injury. ‘ 

In turret clocks, which are attended to ,more regularly than 
house clocl^, and generally by an expert clockmaker, lotking- 
plate chiming work is the j-ul^and racks the erception. The 
work being larger and heavfer is also much less liable to 
failure and no trouble arises. 

Tube Chime Clocks. —Quarter-chiming clocks, chiming 
on bng tubular gongs, differ in many respects froiQ bell clocks. 
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The tiA^s being large and heavy require heavy hammers to 
bring out their tone properly, and as a matter of fact, no 
house clocks have yet been made that have hammers 
sufficiently heavy to get the ,best out of the tubes. To raise 
heavy hammers requires a gfeat deal more driving weight than 
ordinai«y clocks are providedVith, and also stronger wheelwork. 
Whereas an eight-bell chiming grandfather clock will go with a 
weight of 20 lbs. upon the chiming side, a tube clock with the 
smallest tubes and lightest hammers possible requires 36 lbs. 
and could do with 50 lbs. ea 5 ,ily. When wheels, pinions, a^id 
barrels of ordinary siz« md thickness, as used in bell clocks, 
are used with a driving weight of this amount, the wear antj 
• tear is far ^00 great and the friction harsh. The surfaces in 
contact are not large enough to stand the pressure. Th^re is 
not room upon the barrel for a line strong enough to carry the 
weight properly. 

Such clocks always ought to be made with extra long and 
large barrels, as long as can possibly be got between the 
plates, say another f in. long and as large in diameter as the 
height of the case will allow for the fall of a weight upon a 
double line. For increasing the fall is equivalent to increasing 
the weight and adds no extra strain upon the line. So tube 
clocks are, as a rule, made higher than usual, with deep frajmes, 
an extra large chime barrel^ and a chime main wheel (where 
the most strain comes) of large db^eter and thickness. The 
chime, weight is suspended upon a wire line to lessen th*e 
chance 'of breakage. 

Still, with all these concessions, the arrangement is far 
from ideal. The weight is still too light to raise hammers of 
the proper weight to bring out the full tone of the gongs, and 
nothing short of - a separate movement for the chiming 
mechanism will do it, i)ut tl^s presents difficulties, and the 
result is a compromise as we see it to-day. 

Another weak pbint in these clocks is the 'chang#in direction 
of nfbtion necessary to operate a pin barrel that extends across 
the back of^tW^ movement. This ft done sometimes by bevel 
wheels and sometimes by a contrate wheel or crown wheel. 
Fig. 95 gives an idea of the manner in which the pin barrel and 
hammers are arranged for the chimes, and also the hour 
hammer. The pin? barrel A is supported by brackets so 8 ^ to 
revolve at least one inch clear of the back plate, and generally 
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more. This is to allow room for the pendulum and tt^e lai^e 
“ regulating” flys. In Fig. 95, the pin barrel is drivefti by the 
crown wheel D mounted on the icis of the secondVheel of 
the chiming train. D drives a wheel E mounted upon the 
circumference of the pin barrel. VBfit in perhaps the majority 
of clocks bevel wheels are used aUthe end of the barrej. The 
crown wheel method gives less shake between the teeth and 
wastes less power. In clockwork it is awkward to mount bevel 
wheels and ensure good deptjis, hence the waste of power. 



Theoretically, of course, properly cut Bevel wheels are far the 
best, but practical difficulties nullify they: advantages, and 
clocks drivdh as Fig. 95 will go with a less weight, wh^di is 
proof of greater efficiency.^ 

The hammers are long, heivy, and springy, an(f are supplied 
with light springs. They are spread and bent backward so as 
to reach the upper‘ends of the eight tubes. Fig. 96 shows the 
hammer and tubes in position, and Fig. jy the manner of 
ausuension of the tubes. G is a hard wood^raikiroinfl: across 
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the toffcof the case back. From it the tubes H are suspended 
by cord^ passing through holes in their sides. The hammers,' 
their faces softened tjy a covering of kid or thin rubber cloth, 
strike the tubes from J in, to i in. from their top ends. The 
hour tube is hung from a ^e^arate bracket either just above oi, 
just balow the seat board, •and the hour hammer, B, hangs 
downwards. F are the hammer springs. 

The same directions apply tp cleaning and repairing these 
clocks as to bell clocks, the only special points relate to the 


& 



Fig. 96.— •Pin-barrel and Hammers of Fig. 97.— Suspension of 8 Quarter* 
Tube Chime ClocIcfSide View). tubes. 


hammers and tubes. If the fiammer coverings have worn thin 
or hard, the tonef will suffer and they should be renewed; 
Attention should also be directed to silencing* the hammer 
stems. If tmy are arrested pr checked metal to metal, a 
rattling is heard during chiming, and it is best to insert leather 
or thin rubber pads for the hammers to fall upon. These also 
have a tendency to get hard and frequent renewal is advisable, 
^Equality of tonetj^uring chiming can only be obtained by 
*0areful adjustment of the hammer stems to strike as bird an 
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possible without chattering, and by giving the springs equal 
strength. If the springs are set on too hard, the clock will fail 
to lift the hammers, so care has vo be taken not to give the 
clock too much to do, but at the same time to get as much 
work as possible out of it. V • 

The tubes being generally nickel plated, should be ,rubbed 
down with a leather, or if tarnished, polished with “ Globe ” 
polish and a rag. 

On account of the heavy pi^essure, the chiming train of a 
tube clock will want oiling moi^ frequently than an ordinary 
clock, or the pivots, etc., will suffer. 

. Musical Clocks. —Clocks that play tunes periodically on 
bells or tubes have a large pin barrel that makes one revolution 
for each tune. As a rule the locking plalfe system is used, the 

barrel being its own 
locking plate, as irt Fig. 
98. The locking arm A 
enter^s a notch cut in 
the end of the pin 
barrel B, and falling, 
stops the train running. 
When raised, the train 
starts and runs while A 
rests on the circumfer¬ 
ence of the barrel until 

Fig. 98.—Locking Arrangement of Tune Clock. il- 3 -g 3 ,in dropS into itS 

notch. The whole ar¬ 
rangement is similar to'an English locking-plate clock as in 
Fig. 77, with lifting arm, warning lever, etc., corfiplete. 

These tune-playing attachments are sqmetimes seen in 
grandfather clocks,. playing the tunes on bells, sometimes in 
^German and Swiss clocks playing on a kind of musical-box 
comb, and occasionally in an old German oiock, playing on a 
set of organ pipes. •* 

When the latter are usrd.^the train has alt? to work the 
bellows, and the clock has a wmdchest, a set of vafves opened 
by levers actuated by the pins in the pin barrel, and a 
“ soundboard ” upon which the pipes are mounted or have 
their wind conducted to them by tubes. The whole arrange¬ 
ment* constitutes a miniature pipe organ and is subject to all* 
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the littla faults and troubles of organs. As nearly all of them 
are old, putting one in thorough order will generally prove a 
work of time and patience. ^ 

Changes of tune are sometimes automatic and sometimes 
effected by a hand lever, mi. any number of tunes from one 
to ten may be pinned upon tJie barrel. 

Among the possible faults may be mentioned rattling 
caused by worn pivots and wide j^ivot holes ; bent pins in the 
pin-barrel; leaky bellows; \\\ves not closing air-tight and 
admitting air to pipes when ipt wanted; leakage of air from 
one division to another ii^ the soundboard caused by warping 
of the wood, or perished leather; glue joints that have started ; 
•and pipes ti^at have parted at the mitred corners, for in a smaU 
compass it is necessary to “ mitre ” the longest pipes several 
times and practically wind them all round the clock. • The 
ravages of “ worms " have not been mentioned, but are by no 
mearfs negligible. 

Cuckoo Cl0(Jcs. —These are of the wood-frame variety 
and simply locking-plate striking clocks with two hammer 
ajbors like a “ting-tang” quarter clock. As the hour strikes, 
the principal hammer hits the wire gong and the twin hammer 
arbors raise two wires which lift the little bellows at the top of 
the clock and let them fall again one after the other. £ach 
bellows gives a puff of air to an organ pipe let into the case 
side, pr^ucing the “cuckoo.” ^0 each stroke of the hqpr 
consists of a blow on the gong and a “ cuckoo.” The bird is 
a little mechanical toy that when its tail is raised by a wire on 
the top of one bellows, bends forward, opens its beak and 
wings, and aff^arently gives a “ cuckoo.” 

These and all “ Dutch ” clocks are simplified by the fact 
that each train is held by a separate lath of wood. With¬ 
drawing the pins at the top eftables either lath to be taken out 
and the train remon^ed. Great care mu^t be taken to see that' 
no lifting arbors are “ on the rise ” when striking Ceases. Also 
that the caja^heel coincides wit^ the locking plate, or the 
striking will not act properly. The warning also must be 
attended to—in fact, all these points are as essential to the 
proper going of a cuckoo clock a's to an Ehglish bracket clock, 
and if not made j^erfect, failure will result. 

The striking train really contains no new feature, and 4 f the 
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chapter on striking clocks is carefully read, cuckoo clofcks will 
Only need patience to do correctlyt^ ^ 

The novel features in these clocks are merely in points of 
construction. Chains take the place of lines; wood serves 
instead of brass for frame places and sometimes for the 
mountings of wheels and pinions'’; the pivot holes are brass 
bushes let into the wood, and the pendulum is generally hung 
on a wire loop instead of a. spring, which wire loop must be 
well oiled or it will continual!/squeak as the clock goes. 

f ( 

Ship Clocks .—One other kindof, striking clock deserves 
notice, and that is the ship clock that strikes the “ bells " used 
’to denote the divisions of time on board ship. These strike 
every half-hour from one to eight “ bells.” One bell is a 
single stroke ; two bells a pair of stroked in quick succession; 
three bells, one pair in quick succession and an odd one, 
thus: “ting-ting, ting,” and so on. No special directions 
will be required for dealing with them, it being quite simple. 
These clocks are usually of the American dever drum pattern, 
about 6 or 7 in. diameter, or else like a small eight-day English 
dial with a large carriage clock escapement. Pendulums ^of 
course cannot be used. Also exact timekeeping is not neces¬ 
sary^ as they are continually being altered as the ship’s position 
varies and the time of local noon changes. 
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Under this heading come all clocks showing the time on out¬ 
side dials or striking or chiming on bells mounted in ^lelfries 
so as to be heard outside the building in which they are 
placed. They range in size from that used outside a watoh- 
maker’s shop and the clock mounted in a small turret over a 
stable in a gentleman’s house, to those built in large towers 
like that at Westminster, having four dials and chiming on a 
heavy peal of bells. 

• The size and weight of such clocks and the conditions under 
which they work render a different system of construction 
necessary. They may be roughly classified in two groups— 
ancient and modern. ThCi dividing line is a sharp one and 
dates from the construction of.^he Westminster clock to the 
design of the late Lord Grimthorpe, who though a lawyer, was 
the most advanced clock designer of his day. This clock was 
a radical departure from the previous practice in almost every 
detail of its (V)nstruction, and has scarcely had an improvement 
made upon it to this day. 

The “ancient*” turret clock had a frame of the “birdcage” 
pattern, generally of wrought iron, containing the wheels, 
etc. Bars were jolted across this frame to hold the separate 
trj|^s, and the whole clock generally rested i»pon a timber* 
support, or^couple of small beams let into the walls. The 
escapemejffwas generally a “ deaS-beat ” with steel pallets, like 
Fig. 63, or occasionally a recoil like Fig. 23. In the largest, 
a pin wheel escapement, like Fig. 99, is sometimes seen, and 
occasionally “ freak ” escapements were met with. In Fig. 99, B 
is the escape whiel, having round its rim a series of hari steel 
pins iivhjch fall upon the dead faces of the pallets A. This is a 
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good escapement of its kind and especially calculated io with* 
stand wear and heavy pressure. 

In these old clocks, the pressure upon the escapement was 
very severe, as ,a heavy driving weight was necessary to drive 
large outside hands. Strong witjdc and snow have a very 
powerful dragging effect and will some¬ 
times stop the hands of the most 
powerful clocks. To overcome this 
resistaV'C a heavy weight is absolutely 
necessary and the whole of the 
pressure com^s upon the escape wheel, 
teeth and pallets. 

In some old church Clocks with. 
gun-metal escape wheels with straight- 
pointed teeth likfc Fig. 63, the pres¬ 
sure and hammer-like blows of the 
“ drop'' on the pallets have gradVially 
bent all the teeth in a curve. 

The striking of these clocks is sometimes by the “ rack ” 
system, but more often by “ locking plate.” Many of the older 
ones have wooden barrels with steel spindles, like mangje 
rollers, .and are provided with hemp ropes for the weights. 
Hardly any two clocks are found exactly alike or even on 
quiteHhe same plan, and seeing that hundreds of them were 
the work of local blacksmiths, they are marvels of good honest 
workmanship. * 

The pendulums varied from 14 ft. (beating two seconds) to 
39 in. and sometimes weighed several hundred-weights. Wood 
rods were the rule, though many iron ones are seen. 

Modern turret clocks have frames of “bedstead” or 
horizontal pattern, to which each wheel isy held by separate 
gun-metal bushes bolted on, each being^ separately removable, 
^he horizontal bed frame is a single iron casting and generally 
IS supported upon a pair of cast-iron brackets bolted to the 
stone walls o‘F the clock room. The main wheels are of t^ast 
iron and the rest of gun-metcl. The lines are ftv^dble woven 
steel wire. The pendulum is a “ compensation ” of the zinc and 
steel variety, or in the latest, of “ invar.” But the greatest of 
all improvements, the escapement, is a “ gravity,” by which the 
great power of the driving weight is absorbed beforedt reaches 
the pendulum, the latter being driven by a pair'of gravity arms 
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raised by the train at each beat, but falling un the pendulum rod 
by their §wn weight only. Obviously it matters not how much 
power is expended upon rmsing them, whether excessive or 
only just sufficient, so long as they are raised. The weight in 
falling is constant, and Ihps the pendulum swings through 
a constant arc, no matter ho^v much the power varies according 
to the weather, wind, snow, etc. 

Fig. 100 shows the “double three-legged” form of gravity 
escapement generally used in Jarge clocks. There are two 
escape wheels mounted on on^ axis about I in. to i in. apart. 
Between them are three,small lifting pins near the centre, 
forming a kind of “ lantern pinion.” The duty of these pins is 
.to lift the gravity arms free from the pen^lulum, the arms of the 
escape wheel being locked by one of the locking blocks 
S.S'. The escapement acts thus: the pendulum rod taavel- 
ling to the right moves the right gravity arm until the escape 
wheel' is liberated from the stop S. The lower centre pin then 
lifts the left-hand gravity arm clear of the pendulum rod and 
the wheel is locked,again by the arm (small) C, resting on the 
stop S'. The effect of this is that the weight of the light-hand 
gravity arm rests against the pendulum rod and drives it 
onward. On the return swing, tlie right-hand arm is lifted by 
the escape wheel, and the left one does the driving, and so 
on. * 

Fig. TOO is reproduced frJm “ Clocks, Watches, and Bells,” 
by Lord Orimthorpe, the inventor the escapement. Anothe,r 
form of the same escapement, used more in smaller clocks, is 
the “ single four-armed gravity,” also invented by him. 
This is on exactly the same principle, but has only one escape 
wheel, provided with a double set of lour lifting pins. 

The effect of ^ the adoption of these escapements and 
compensation pendulums in turret clocks has been to reduce 
their errors from minutes to seconds per week, and cannot be 
over-estimated. * 

Jk few large turret clocks have no hands 01^ dials at all 
except a sm^ “ indicator ” dial inside the clock room, like 
that at Louth in Lincolnshire, which chimes Westminster 
chimes and strikes on a heavy peal of eight bells in the church 
tower, but gives no other outside indication‘of the time. The 
architectural design of some towers precludes the use of 
butside dials' without disfigurement. 
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Turngt clocks, especially modem ones, when ^regularly 
wound 5y a clockmaker, fend given just a little constant 
attention, need never be taken to pieces except for repair. 
They can be kept clean like other running machinery by oiling 
freely from time to time a^d wiping off all surplus, brushing 
througlj the teeth and pinipn leaves with petrol and wiping 
dry, etc., as they lie. The motion is slow enough to allow of 
this, and in the case of chiming and striking trains, they stand 
still for periods of at least jfe'n minutes together and give 
excellent opportunites for thorough cleaning. 

The escapements anc]^ ligTiter wheels should be oiled with 
light machine oil, the‘mainwheels and striking trains with a 
. heavier oilf and the hammer-lifting cams on the main wheels 
should be greased with lard. The beat pins at the ends 
of the gravity arms,* that rest on the pendulum rod, should 
be clean and dry. Stop blocks require just a trace of oil, 
and of course all the escapement pivots and the centre lifting 
pins. 

Steel lines shoqld be thickly greased or vaselined to prevent 
rusting. This also avoids friction between the coils as they 
are wound on the barrels. All pulleys and cranks of the bell- 
hammer work and driving lines need constant attention, in the 
way of oiling and cleaning. 

When a turret clock has been neglected for a long time and 
only been oiled a little from? time to time, as when in the care 
of a gardener, verger, or caretaker, as many small clocks ai;e, 
the time arrives when it must be taken apart, cleaned and 
overhauled. 

The first thing to do is to let down the weights and relieve 
the clock of*all power, or a seriou^ accident may result. It 
generally requires two to do this, one to hold up the winding 
clicks and another at the winding handle. Even then, with a 
heavy weight there is %ome (fenger of the handle flying round 
and doing damage so it is best when possible to let the clocl;^ 
rui^down first. Having let down the weights, die trains may 
be taken ou^nd the bed plate qf frame cleaned thoroughly 
with petro^nd scraped. The‘parts so treated should be taken 
out into the light and air, and on no account must petrol be 
freely used in a small dark clock room in 'a tower, working by 
the light of a candle or lamp, or an explosion may easily occur. 
Parts like 4hebed frame that cannot be removed, whcn»^in a 
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dark place, are best cleaned with paraffin first, then, ficraped, 
and washed with hot soda and wajer. ♦ 

When the main wheels are offcast iron, the teeth may be 
greased with lard, but from time to time it must be wiped off 
or a dirty mess results. Gun-metal Wheels should be left clean 
and dry, and also the pinions they drive. Steel arbors and 
levers may be wiped finally with a paraffin rag to make them 
rust proof. The motion wor.k that leads to the hands should 
always be freely oiled, as dam^> gets in here very badly from 
tlt^ outside of the dial. 

If it is necessary to shift the fly or warning wheel when 
power is on the clock, first securely tie up the next wheel with 
rope to prevent it running, and do not trust to'inserting a. 
screwdriver between the arms, as such a proceeding invites 
accident. 

The old rule that the hour hammer must not be “ on the 
rise ” does not apply to turret clocks, as there is ample power, 
and indeed in good clocks it is the rule to make the striking 
train stop with the hour hammer lifted up almost ready to fall. 
This is to ensure promptness in striking, so that the first blow 
may be relied upon to fall almost exactly to time, otherwh-e 
the train starting slowly might take a variable time to raise 
the hammer for the first blow, depending on the temperature 
and the thickness of the oil,_etc., and render the time of striking 
uncertain to a few seconds. I^ut, as in house clocks, all 
warnings, etc., must have a 61 ear run. 

Hemp ropes in old clocks are generally nailed to the 
wooden barrels, and frequently require renewing. When in 
conjunction with iron barrels it is much the best ^lan to replace 
them with flexible steel lines. Steel lines if put on wooden 
barrels cut the wood to pieces, but if the wood is protected by 
a sheath of thin sheet iron nailed arounfl it, steel lines may be 
put on these also with advantage. 

The breakage of ropes is one of the* chief troubles in 
connection with small turret clocks of the older kind as Seen 
in village churches, etc, They„and their pulley^^re often in 
the most inaccessible places. Sometimes the lines are led 
from the barrels upwards to a top pulley in a corner near the 
leads of the roof to give the weight a straight fall to the floor, 
at other times, the line is led to a corner /rom beneath the, 
clocK and the weight falls down a shoot throoigli th^ church and 
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continues down a “ pit ” for another ten or fifteen feet into the 
earth. JVhen the line lead! to the roof and the weight falls to 
the floor of the clock roomT)ver the church entrance, care must 
be taken to have a bin of sawdust or gravel'under it to break 
the fall when a line gives *wjLy, or it may go through the floor. 

•When a line breaks and»lets the weights fall into its “pit,” 
it is often troublesome to fish the weight up again, the pit being 
generally far too narrow for ^ny one to go down. It can 
generally be managed by lowering a candle or lamp and fishing 
with an iron^hook and the r^juains of the broken line. 

As far as possible ^u«-et clock movements should be boxed 
in free from damp (which often drips from the ceiling of clock 
rooms and runs down the lines) and from dust and birds. 
When lines pass upwards from the clock, they should go 
through a hole with^ cloth washer, in a lath, designed ts) slide 
along o\er a slit in the case top, and so let no wet in. 



CHAPTER XII. 

MAKING CLOfKS, 

The hand-made clock industry of England is st’ll a large 
one, and consists mainly of eight-day shop dials, bracket, 
striking, and chiming clocks, grandfather clocks, long-case 
quarter-chiming and tube clocks, skeletons, a few carriage 
clocks, ship clocks, regulators for workshop or observatory, 
and turret clocks. 

For these and all similar clocks, parts in nearly every stage 
of finish can be purchased in the clockmaking centres such 
as Clerkenwell or Birmingham. Brass castings for skeleton 
plates, cocks of all sorts, for minute wheels, flys, pendulum\j, 
etc., bridges, and clicks; steel forgings for pallets, striking 
racksi chime hammers, and bell standards; stamped brass 
wheel blanks; rough wheels with Che teeth cut, in sets for the 
various clocks; German emt pinions; pinion wire; rough 
barrels and fusees with the spiral grooves turned; sets of 
chime bells, gongs and tubes, and almost every detail wanted 
by the amateur or professional maker. 

To give an idea of the condition of the various parts, and 
of the amount of work necessary to convert them into a going 
clock, a few photographs are given. The'' parts or “ rough 
materials ” shown were photographed fust as they came from 
‘their various makers, and are exactly as a,Clerkenwell clock- 
maker would' purchase them if he were given an order fcr a 
clock of that description. „ 

Fig. 101 shows various rough wheels. A is a‘blank hour 
wheel, cut from sheet metal, rough filed on both sides, and 
with the teeth accurately and smoothly cut by a wheel-cutting 
engine. B and C are escape wheels, stamped from sheet 
metal, with the teeth engine-cut, D is a main wheel for 
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grandfather clock and is cast, the flat sides only l^eing rough- 
filed an(!Vthe teeth engine-c|t. 

It m^y be here stated tljit all clock- wheels, whether made 
from sheet metal by turning, stamped out by dies, or cast, 
have the teeth cut by a ^^heel-cutting engine, and in a rough 
wheel as shown here the t^th are the only parts “finished.” 



Fig ioi -Rough Clock Wheels. 


It is an error to suppose that even in the most common clock, 
the teeth are stamped f)ut. 

' Fig. 102 show^ various rough pinions. A is a length 0^ 
pini«n-wire. This soft steel wire drawn through a*special draw 
plate to the^ftion of a pinion wit^i six, seven, or eight leaves 
as the case may be. This wir^ can be obtained in any size 
and in lengths of one foot. To make a pinion from it, a short 
length like that illustrated is cut off, the leaves are filed off 
where not wantec^ the wire is centred in a lathe and rough- 
fumed true,*thefl hardened and tempered, the leaves smoothed 

K 
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and polished and the arbor and pivots turned. B is a German 
pinion as imported for the use of clockmakers. Its leaves are 
machine-cut, it is ready hardener and tempered, is centred 
and rough'turned true, and the leaves are polished. B has 
twelve leaves and is rough “ regulator pinion.” C is a similar 
German pinion of seven leaves as used in an eight-day dial. 
D and E are “ finished ” German pinions ready to have the 
wheels mounted upon them and run in the clock frame. D is 
an escape pinion, and E a centi;e pinion for an eight-day dial. 
F and G are “ lantern ” pinions, not purchasable, but made by 




ViG i02. —Rough Pinions. 


hand by turning a brass “bobbin,” drilling the holes, and 
inserting steel “leaves.” The^ are ,more often made by 
(^amateurs than by clockmakers. They are used by driving 
them on to ^slightly tapered arbors and are included in this 
photograph merely to show the various kinds of pinions in use. 

Fig. 103 shows several' royigh forgings as b'^jht from the 
material shop. A is a° rack-hook, B is a rack, C is a pair of 
“recoil” pallets, Djs a pair of “dead-beat ” regulator pallets, 
'and E is a gathering pallet. Forgings for many other parts 
are obtaiijable, these being only shown ^ samples. 
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Fig. 104 is a photograph of the little hdap of rough 
materials required to make|the skeleton clock shown in Fig. i 
of this 4 )ook. In it may ^e seen the castings for the pair of 
plates, pendulum cock, minute cock, barrel click, and four feet 
for the frame. The three finished pinions, the chain, the 
mainspring in its wire, thi |ough-turned barrel and fusee, and 
the cut blanks for main w^eel, centre, third, escape wheel- 
hour wheel, minute wheels and ratchets. 

Fig. 105 shows a set of wheels and pinions for a watch- 



Fig. 103.—Forgings for Various Parts. 


maker’s regulj^or clock. The going barrel will be seen with 
its spiral ^ove turned and the ratchet cast on and cut, all in 
one piece. The arbor is simply rough steel driven through, 
centred in the lathe. The three rough pinions are German, 
of twelve leaves. The main wheel is cast, and the others are 
cut from sjjeet 
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A few directions for the practical working up of such 
materials will now be given.' 

Suppose it is desired to make.' a clock on the lin^s of an 
eight-day dial like that shown in Fig. 53. , Two pieces of 



Fin. 70| —Miterials for making a skeleton Clock. 


sheet brass will be required for the plates about J in. thick. 
At the metal merchants’ these will he sawn out to the required 
dimensions and weighed up at so much per lb. It ^v'ill be 
advisable to let them “planish” them. Ls sawn out 



Fit. 105,—Rough Materials for making a Regulator. 


rolled sheet, they wilL be Tar from flat and by Vjo means 
smooth. Planishing is a hammering process by means of 
which they are flattened and smoothed almost like glass. At 
the same time they are slightly hardened. It costs little and 
saves piuch labour. 
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Making a Frame.-t-The plates being sawn out and 
planished, a centre line isjjdrawn down each by a fine steel 
point, guided by a steel “ straight-edge ’’ as a ruler. On this 
centre line, two holes are drilled about yV in. diameter, near 
the top and bottom of e^h plate, and the plates are then 
riveted together with two mrass rivets through these holes. 
Held thus they are filed both together square and true on the 
edges. The pillar holes at tl^e^corners, or wherever they are 
required, are drilled <ind opened out to size, about in. 
diameter. Then The plates*may be separated and the pilfers 
may be made. 

Castings for these may Ce used if desired, but as each 
casting requires centring separately in the lathe and the rough 
turning oft', it saves Ijibour and produces a harder and sounder 
pillar, to turn them all from a foot length of f in. or in.*round 
brass rod. This brass rod is drawn smooth and true, and is 
much harder and generally of better quality brass than small 
pillar castings. Once centred in the lathe, pillar after pillar 
can bq turned froiti its end, and the cutting-oflf process makes 
it easy to drill up a fresh back centre to turn the next. 

• The pillars are riveted into the back plate very firmly, 
and come through the front plate about in. to allow of 
being drilled for the pins. ^ 

The barrel and fusee will be purchased in the condition of 
those shqwn in Fig. 104. The wheels will be- like those in 
Fig. loi. First take the barrel in hand and file out the 
hollow in the cover for taking-otT purposes. Drill and cut the 
chain hook hole, or the three holes for the line. The main¬ 
spring hook fill have to be riveted iA. The arbor must have 
its hook filed up’clean and well undercut to hold the eye of 
the spring. The barrel itself must be smoothed finally in the 
lathe and polished witT pumi^ie powder and water on a rag, or 
with “ Globe ” polish. The arbor must have its pivots turned^ 
and polished. Th*b frame being made, the correct endshake 
of ftie barrel ajjbor and all the wheels may l;)e gauged by laying 
the arbors #-rross the edges of tbe^late^ 

Trueing Wheels. —The wheels must next be taken in 
hand and their centre holes turned true. As received from the 
^wheel cutter’s thene is no guarantee that the centre holes are 
exactly in the centre. So a piece of smooth-grained wood is 
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bolted or screwed to the lathe face plate and a shallow sink 
is turned in it, into which the smal)est wheel (a minute wheel) 
can be just pushed light down to the bottom, held by the points 
of the teeth. Thus held true, its centre hole can be turned 
out by a sharp hand or slide-rest |:utter, and this ensures the 
wheel running quite true when mounted upon its pinion! 

The smallest wheel done, take the next and enlarge the 
sink in the wood chuck until It^will just push in tight, and so 
on until all are done, the largest being treated last. 

•Once turned true, they may h^fve the centre hades enlarged 
by broaching if required, without affecthig their truth, though 
it is advisable not to leave too much for broach^g, but to 
turn them approximately to the sizes required. 

The main wheel must be opened out^to go on the fusee’ 
arbor, which is turned parallel and polished smooth to receive 
it. The groove for the “ key ” is turned, the key made and 
fitted, and the fusee arbor pivoted to the required endshake. 

The pinions are turned, polished, and pivoted, and the" 



wheels smoothed and mounted 
upon them, laying them across 
the plate edge to see^hat they 
work together and have proper 
freedom. In clocks, some 
wheels are riveUsd upon the 
leaves of thf pinions and some 
are mounted upon brass collets. 
Fig. io6 shows how a pinion 
is turned to receive a wheel. 



Fig. io6.— Riveting A squar^ shoulder A is turned iPic. 107 —Mount- 
upon which the wheel can be XasYcotr 
forced tight. Then the pcfints 

B are riveted over upon the centre of the wheel to hold it 
'light and prevent it turning. The face of B is turned hollow 
or undercut,*leaving the points of the leaves standing yp a' 
little above the surface of tl;ie wheel to facilitate riveting. 

Fig. 107 shows bow a vheel is riveted uft^i a collet. 
The collet is turned from brass and may be driven tight on to 
a slightly tapered'arbor, or bedded with soft solder. The 
wheel is seated upon the square shoulder A and the edge B, 
undercut as usual is riveted over its cendecas })efore. To 
prevent turning round, the inside edge of the centp hole of 
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the wh^el is “ starred ” by cutting a few little notches in it for 
the br^s edge B to be rivJted into. 

•i 

Pitching the Train. —The train must next be “ run in ” 
the plates. The centre pinion hole is first marked with a fine 
centre punch, then the fu^e hole below it on the centre line, 
or on one side of it, according to the design of the movement. 
To mark the exact position of the fusee hole, the depth must 
be measured. With a pair o^fine dividers from a set of draw¬ 
ing instruments, measure tfi^ pitch diameter of the main wheel 
(see Fig. 20). Rule fi»e line on a piece of paper and priclc off 
this distance with the divider*points. Then measure thc'pitch 
diameter ^f the centre pinion in the same way and add it to' 
the other distance on the line upon the paper. This gives the 
sum of the full pitch diameters of the wheel and pinion. 
Exactly half this distance is the “ depth.” So with the dividers 
and the paper, the half is found by hial, stepping it with the 
divider points. When found quite correctly, transfer it to the 
plate and mark the position of the fusee hole. 

Urill no pivot holes until all the depths are marked with 
^he centre punch. Next mark the position of the escape holes 
upon the centre line. The position of the third wheel hole 
must be scored off v/ith compasses to suit the two depths so that 
its pinion may run with the centre wheel and its whe®l may 
drive the escape pinion. With dividers as before, measure the 
pitch cifcle of the centre wheel, mark it on paper, and add J.he 
diameter of the third pinion to it. Halve this as before, and 
using the dividers as compasses, strike an arc of a circle from 
the centre wheel hole as a centre. ^ Measure the third wheel 
and escape pinion in the same way, add them together, halve 
them, and score off another arc of a circle cutting the first one, 
and using the escape hole as a centre. Where the two arcs 
intersect is the positlbn for fhe third pivot hole. Mark it with 
a centre punch aa before. 

The escapement is best drawn out very carefully on paper^ 
or zinc, hkc^fag. 23 (see “ making pallets ”). The distance 
between escape pivot and pallet pivot tnay be then transferred 
to the*plate and marked. 

The barrel must be placed so that it ‘just clears the main 
wheel teeth, ancj comes in a convenient place in the frame, 
being clear of* the pillars. Measure its full diameter aad add 
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to it the outside diameter of the main wheel. Halve j^is and 
mark the barrel holes a little firther off than thfs mark, 
say I inch for freedom. ^ 

Having all the pivot holes marked, take a fine drill much 
smaller than the pivot holes and diik the plate half through. 
This is to ensure the full-size drilr starting true. A drill *of 
full size might wander from a centre punch mark and not 
drill the pivot hole just wherp required, but it will follow a 
small leading hole quite accurately. ^ 

Next pin the plates together again by their top^^and bottom 
hofes, as when squaring the edges. They need not be actually 
riveted, but two brass pins drivtn through tight will answer 
‘just as well and can be easily knocked out agaih. While 
pinned together, drill the pivot holes straight through both, or 
through the first and partly into the second, so that they may 
be completed afterwards, as some drills begin to run hardT)r 
choke when in a certain depth, and the two plates together 
require a rather deep hole for a small drill. The fusee and 
barrel holes may be drilled with a larger duill and easily put 
right through. 

Separate the plates and open out the holes to fit the pivotg 
accurately, not too large, but just so that the wheels spin freely. 
The great point to observe in opening out a pivot hole is to 
keep k upright. 

When all are drilled and open^ out, run in the wheels, at 
first each one separately to s^ that each is free and ha*s proper. 
endshake. Oil the pivots to prevent scratching the polish. 
Then run them in pairs to test each depth by itself. Finally 
put in the whole train and^test for freedom. ^ 

Generally if the dividers have been applied carefully and 
sharp drills have been used for the pivot holies, all the depths 
will be perfect. If not, the erring pivot hole must be “ drawn ” 
^ opening with a broach and filmg to one side a little, then 
tfhshed. ^ « 

The back ^cock or pendulum cock may be screwed dh. 
Then a broach put through liie^back pivot hdll^*ii^he plate 
unll mark the pivot hol^in the cock, which may be orilled. 

The pallet arbor is turned and pivoted, and fitted” in its 
holes, the back plate being sawn and cut away for freedom. 
The pallets can next be roughly filed outj, to shape by a 
lemplat made by cutting out the drawing of thfe escapement 
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The pallet centre hole is opened out to go on the collet on the 
pallet st;^ff just friction-tighj and the pallets tried in the plates, 
being finally filed up to shape and smoothed to a perfect depth. 
They are then hardened dead hard, smoothed with emery buffs 
and polished on at least the acting faces, and finally fixed on 
the staff. The exact “ depti ” can be adjusted by drawing the 
screw holes in the back cock, and when correct the steady pins 
may be fitted. 

The dial plate an(J feet ^te either bought or made, and 
fitted to the frame, the motiop wheels mounted, etc., and finally 
the plates are smoothed i)y filing, emery cloth, bath-brick dust 
and water, and finally pumice t)r globe polish. 

Such i? briefly the process of making a simple clock. It - 
necessitates much careful work, fine turning and smoothing of 
the pinions and pifots, but is all within the capacity# of a 
vefy modest workshop and a small lathe. Many amateurs 
have made successful clocks that compare with the best pur¬ 
chasable. 

• 

Sfteleton Clock-making’. —The skeleton clock described 
iy the first chapter is made on the same plan as the above, 
but entails rather more filing work. The castings for the 
plates must be first hammered flat, then the edges inside and 
out, all filed true and square. Lastly the flats are fil^, the 
pillar holes drilled, etc., anc>the train run in. Chap. I. gives 
many defails of construction which in conjunction with thgse 
above will enable the clock to be made without difficulty. 

Striking Clocks. —The regulation way of making a 
striking cIock is to purchase the castings and forgings as here 
illustrated, but there is no real necessity to follow the time- 
honoured custom* and make all racks, rack hooks, warning 
levers, etc., of forged.Tron or%teel. In French clocks these are 
nearly always of •brass and act perfectly, indeed brass hiA 
several distinct advantages for these parts; it iS not liable to 
rust, and ^^eitrTs less friction between polished brass and steel 
than therms between steel and steel. •Thus with brass parts, 
the lifting pins cause less resistance and not so liable to stick. 
There is also a saving of labour in making, and brass is 
always procurab^f, while sheet steel is generally not so easy to 
get of jusUthe thickness required. 
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Lifting pins, warning pins, stop pins, etc., should always be' 
of steel and screwed in tight and Hveted Pins mer^y driven 
in generally work loose in a short ^time. 

Rack-making presents a little difficulty to amateurs some¬ 
times. Machine-cut racks can be bought, but it is quite easy 
to scribe an arc of a circle for /he points of the teeth from 
the rack pivot hole as a centre (see Fig. 108) and step it 
with dividers into the required number of equal divisions. 
The teeth are then filed with a half-round file to an even depth. 
Of course little inaccuracies ocqur, but these do not make 
any difference, as each step of the an^-il is marted from the 
rack teeth in the following manner. 

The rack teeth are filed and smoothed, the taihriveted on, 
the rack mounted on its stud, the rack hook made, smoothed 



and mounted to fall properly into the teeth. A blank disc 
of brass for the snail is*mounted upon the hoyr wheel and 
divided into twelve portions with compasses and lines scribed 
as in Fig. 109. 

The rack, hook, hour wheel and sn^il are then put on in 
position and a sharp-pointed ste'el pin put in the rack tail. 

1 he hook is pkced in the first tooth of the tack as for striking 
^‘one,” and by turning the snail through one division, the ^in 
in the rack tail may be made»to^scribe an arc o^T oc^de upon it 
representing the one o’dock step. The hook is then placed in 
the next rack tooth and the two o'clock step scribed, ani so on. 
By this method each step of the snail corresponds with its 
rack tooth, however unequally the teeth mayabe spaced. The, 
scribed snail will have the appearance of Fig, *110’and it will 
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only repjain to file it to th^ arcs accurately, afterwards testing 
each one with its rack tooth as a check. 

On a similar plan, a l?fcking plate can be marked out in 
the clock itself. The locking plate is mounted upon a wheel, 
having as many teeth aff Ibere are strokes in twelve hours. 
Thus a locking plate to strile hours only must be carried by a 
wheel of seventy-eight teeth. One to strike half-hours as well, 
by a wheel of twelve more teetlj = 90. The train is arranged 
so that the pallet whepl mak?s one revolution for each blow 
struck. 

So to mark out a k)cking plate, mount the blank in place, 
put the pin wheel and pallet*wheel in the frame as well, and 
mount the*locking arm in position. Lock the pallet wheel by 
its stop pin as usual at the completion of striking, and mark 
the locking plate blank where the locking arm comes. Revolve 
the pallet wheel once and make another mark, revolve it twice 
and make a third mark, and so on up to twelve. If half-hours 
are wanted, revolve the pallet wheel once between each hour. 
It will be observod that the one and two o’clock spaces run 
together and are cut out as one in an hour-striking clock, 
while in a half-hour striking clock, half-past twelve, one, and half¬ 
past one, all form one long space, being each a single stroke. 

Striking Trains. —These are calculated on quite a^imj^e 
plan. In a rack clock, th^pin wheel generally has eight pins 
to lift the hammer. There afe in an hour striking clpck 
156 blows per day, which equals 19^ turns of the pin wheel, 
so the main wheel must have a sufficient number of teeth to keep 
the clock g^ing for the week. In % grandfather clock the pin 
wheel pinion is eight and the main wheel generally eighty-four 
or loj times the.pin wheel pinion. As the line allows of two 
turns of the barrel a day, there is a margin to spare, allowing 
the clock to be struclc rounS to set it to time occasionally and 
ensuring that the^triking does not run down before the eoii#. 
^ich it should never do. 

Nexlj^-thl^allet wheel must turn once for each pin that 
passes. Eight is the usual number df pins, and when that is 
the case the pin wheel must have eight times as many teeth 
as the pallet-wheel pinion, so that the la’tter turns eight times 
for once of the®pin wheel. In the grandfather clock, the pin 
wheel is 5ixtyTour and the pallet pinion eight. 
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It is immaterial from the poioj of view of correct^striking, 
how many turns the warning wheel makes to one of the pallet 
wheel, but it must make an even ttlimber. That is to say, the 
pallet wheel must have exactly seven times, eight times, nine 
times, or ten times as many teeth as'^he warning wheel pinion, 
and not 7 J times or any other fraAion. This is to ensure that 
the warning pin will always be in the same position when the 
train stops. In the grandfather clock, eight times is often 
adopted and sometimes nine Times. ^ When the latter, the 
pallet wheel is sixty-three and the warning pinion, seven. The 
niimber of the warning wheel and** fly pinion is quite im¬ 
material, but when the pallet Wheel of sixty-three is adopted 
it is usually fifty-six, though for no very particular*^ reason, it 
might just as well be fifty-five or fifty-seven as far as efficiency 
is concerned, nothing depends upon it. ' ^ 

One consideration, and one only, governs the actual numbers 
of the pallet and warning wheels and the warning and fly 
pinions, and that is the speed that the clock is required to 
strike. With high numbered wheels, the fly will makq more 
revolutions to one of the pallet wheel than it will if low 
numbers are adopted. The numbers given above, sixty-three 
and fifty-six with pirjions of seven, give seventy-two revolutions 
of the % for each blow struck, and make for fairly slow striking. 
If fift^v-six and forty-two were adopted, the fly would only 
Aake forty-eight revolutions, and ihe clock would strjke much 
more quickly. For a bell cl(A:k, fairly quick striking is suitable, 
but for a deep-toned gong or a tube, slow striking is preferable, 
aud for the latter a ratio of ten to one for the pallet wheel and 
warning pinion and nine to one for the warning i^heel and fly 
pinion will give good results. This would mean a pallet wheel 
of seventy and warning wheel of sixty-three, and give ninety 
revolutions of the fly. If high numbep such as^ these are 
adopted, the pallet and warning wheels must have teeth a little 
ftjier than the pin wheel so as to keep dow?i the diameter of 
tthe pallet whe61 to a trifle less than that of the^n W'heel. 

Going Trains. — Fu designing a going train, the central 
fact to keep in mind is that the “ centre pinion ” musT turn 
once per hour to carry the minute hand upon its arbor. If 
the clock is to go eight days and have a weight and line, the 
barrel ^ay make two turns per day as in a graridfatlier clock, 
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and have sixteen turns of line upon it. Also in*an eight-day 
dial with fusee, the fusee Itos sixteen,turns of chain or line 
and turns twice per day. /Then obviously the main wheel 
must have twelve times as many teeth as the centre pinion. 
With a centre pinion of eight, the main wheel is therefore 
ninety-six. 

If rtie clock is to have a seconds hand upon the escape 
wheel arbor like a grandfather clock, the escape wheel 
must turn once per minute^ Piiat is it must make sixty 
revolutions for each on# of the centre pinion. Sixty is equal 
to 7 J times eight, so the usual^ractice is to use these two raticfe, 
which give a third wh^e! a l^tle less in diameter than the 
centre. Wjth third and escape pinions of eight, this gives a 
^centre wheel of sixty-four (8 times 8) and a third wheel of sixty 
(7 J times 8), and is tjie usual grandfather clock train. ^ 
J^hen if the pendulum is a long one beating seconds, the 
escape wheel must have thirty teeth, as one tooth passes for 
every two vibrations of the pendulum. If the pendulum were 
shorter and made eighty vibrations per minute as in some 
Vienna# Regulators,'the escape wheel would require fortfy teeth. 
If the pendulum made ninety vibrations, the escape wheel 
w«uld want forty-five teeth, and if the pendulum were 9 in., 
making 120 vibrations, the escape wheel would want sixty 
teeth. These two last numbers, however, would be^ too 
high for practical use, so tlje rule is that clocks with such' 
short pendulums are not provided ^with seconds hands. Then 
there being no necessity to make the escape wheel revolve 
once per minute, the high ratio required in the train may be 
equally divided between all the wheels. 

Thus suppose a half-seconds pendulum to be used and a 
thirty-tooth escape wheel. The escape wheel would revolve 
twice per minute* or 120 per hour. One hundred and 
twenty is made of ten*times twelve, and these two ratios may 
be adopted, giving a centre wheel of ninety-six and a third of 
eighty with pinions of eight. Or a centre whetl of eighty- 
fou? and third gUeventy with pinions of seven.' 

These pcamples will show the govertjing principles of train 
designir^g, but any odd train may be calculated as follows :— 
Multiply together the centre, third and escape wheels, double 
the result and divide by the third and escape pinion. This 
gives the numbe^ t)f beats per hour of the pendulum, which 
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again divided by sixty equals the number of vibrations per 
minute. 

As an example take the traincentre, eighty-foui*; third, 
seventy-eight; escape, thirty-two ; 'pinions of seven. This is a 
common train for an eight-day dial. 

84 X 78 X 32 X 2 t 
- 7 -“ 59904 beats per hour 

' ' or 143 per minute. 

This would require a pendulum of about 7 in. from point 
of suspension to centre of bob (see method of cp-lculating the 
length of a pendulum). ' 

In the same manner any tram may be worked out. 

Suppose the case of an eight-day clock with going barrel... 
As the number of efficient turns of a mainspring is limited to 
four or five, an intermediate wheel will have to be interp^osed 
between the barrel and the centre pinion, or else the barrel 
would require an impossible number of teeth. Say four turns 
of spring aie available ; then the barrel will turn once in two 
days, which is forty-eight times slower than' the centre pinion. 
Forty-eight is made up of six times eight. So one way is to 
give the barrel eight limes as many teeth as the intermediate 
pinion and the intermediate wheel six times as many teeth as 
the centre pinion. The numbers may then be ; barrel, ninety- 
six ; intermediate wheel, sixty; phiion, twelve; centre pinion, 
ten. 


High-numbered Pinions. —A pinion of six leaves is 
of very limited use in clockwork. For a minute pinion to 
drive an hour wheel it may act very well, and f(^r a fly pinion 
it is passable, but as a transmitter of power for use in a going or 
striking train, it has great drawbacks. The motion is uneven, 
the power variable according to,the position of the leaf doing 
Jhe work, and the friction is harsh. 

^ A pinion,of seven leaves is the lowest permissible in trains, 
and even then the friction is rather great^^and the pdwer 
variable. Pinions of eight leij^ves are the lowest splid pinions 
that run really well. Pinions of ten and twelve are better still. 
Over twelve leaves are seldom seen except in a regulator 
occasionally, and over sixteen leaves are of doubtful value. 
There is not much advantage really in usintj* pinions of more, 
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than twelve leaves. Lantern pinions run more smoothly than 
solid onas, and a lantern oS eight leaves is as good as a solid 
pinion of ten or twelve. 

For a going train of a grandfather clock with pinions of 
twelve, the numbers would be : main wheel, 144; centre, ninety- 
six ; third, ninety. 

The Sizes of Wheel Teeth.— It is the practice in 
linglish dial clocks and some ^thers to make the entire train 
with one size of tooth. ^ This is a great mistake, as the greater 
the pressure, i;he larger andetronger the teeth should be, arjd 
the lighter and more quickly moving wheels ought to be the 
smallest in^ diameter. On th^is plan, the main wheel teeth 
-pught to be coarser than the centre and third wheels. Clock 
wheels are calculated^ on “ diametral pitch.” That is, so many 
te^ to the inch diameter. This is a convenient systeiti, as 
th^iameter of a wheel with a given number of teeth is easily 
arrived at. Thus, with teeth of thirty-six diametral pitch, a 
wheel I in. on the pitch circle has thirty-six teeth, in. has 
fifty-foyr teeth, 2 ii!. has seventy-two teeth, and so on. 

Thirty-six pitch is a good one for the main wheel of a 
\\«ight-driven eight-day striking clock of grandfather pattern. 
The teeth are large and strong, and for a main wheel of ninety- 
six gives a diameter of 2f in. Forty pitch is a good one for 
the centre and third wheels of the same going train, or for the 
pin wheel, of the striking traifi. Forty-two pitch is suitable for 
the pallet and warning wheels. 

Forty-two is the pitch found in most English eight-day dials, 
though they would be better with main wheels of forty and the 
rest forty-four* on the principle that thc^largest teeth are required 
where there is the greatest pressure. 

Chiming Clocks. —The train of the chime mechanism of 
a quarter-chiming cloc"k is designed to revolve the pin barrel 
twice per hour, and the pallet wheel ten times per hour, thaf 
is, ^nce for each chime. This is usually done by making the 
second wlj^el ^ the chiming train of eighty teeth, driving a 
pallet pinion of eight. Then tlie secorld wheel revolves once 
for ten limes of the pallet wheel, or once per hour. This is 
the same speed as the centre wheel, and td go eight days it is 
^obvious that a main wheel of ninety-six and pinion of eight will 
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serve as in the going train, giving a ratio of twelve to one, with 
sixteen turns on the chime barrelt But the chiming^ may be 
repeated in putting the clock to tirpe occasionally, and should 
never be allowed to run down before the going, therefore it is 
usual to give the chime main wheel one hundred teeth, being a 
safety margin of four. . 

^ The numbers of the pallet ana warning wheels may be the 
same as in a striking train, and for the same reasons. It is 
seen from the above that the second wheel of eighty turns once 
per hour. This is made to drive the pin barrel by means of a 
wheel of forty mounted on th^‘ pin-barrel axis. The pin 
barrel thus turns twice for each .revofutlon of the second wheel 
and makes ^ of a revolution for each turn of the pallet wheel. 
As each fifth part of the pin barrel contains one chime, this^- 
effects the purpose desired. In tube-chime clocks the second ■ 
wheef is often one hundred and a wheel of fifty on th«-7)in 
barrel, with a pallet pinion of ten. . • 

Making a quarter-chiming clock presents no great diffi¬ 
culties, being merely a question of time, 
labour, and patience. Many e:tcellent 
chiming clocks have been made by 
amateurs, and go perfectly. The rac^s 
and snails are marked out as before 
described. The bells (see Fig. 94) are 
mounted upon a steel spindle and sepa¬ 
rated (rom each other by small wood6n 
washers shaped as shown in Fig. in, 
A shewing an enlarged washer. They 
are rounded in this form so as to touch 
Pig. in.—Mounting Chime- th^bclls Only in the Centred If flat they 
/ * ' would seriously strain the bells when 

tightened up and also partially stop the tone by holding them 
too rigidly. ( ^ 

^ . The hammer rack also shown in Fig. 94 is a difficulty. 
It consists o£d a bar of solid brass about f in. wide and ^in. 
deep, screwed across the glock frame ancKelotted for the 
hammer joints to worl^in. A ^in goes through it ftom end to 
end and serves as the joint pin for all the hammers. To drill 
such a long hole of so small a diameter would.be almost an 
impossibility, so it is accomplished thus. A saw cut is made 
irom end to end of the rack, as shown In® th^ end view' 
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(Fig. C is the brass ^block, the saw cut i^ shown at A. 
A slip of brass is filed up to* fit the cut and soft-soldered in, 
leaving the hole D for the j<jint pin to pass through. B is a 
hammer tail. 

When the crown-wheel system of driving is used for a tube 
clock, as shown in Fig. 95,|the crown w'heel is squared on to 
the projecting arbor of the eighty wheels of the train. This 
arbor should be left stout and strong so as not to spring un¬ 
duly. For this reason, in such clocks it is advisable to give 
the second wheel a fairfy large pinion, as then the solid core 
will be stouter. This^rr^ans a large main wheel and is j^et 
another argument for large main wheel teeth in these clocks.' 


D D 



Fig. 113 —Chime-hamtner Rack. Fig. iij.—Hammer for Chime Tube. 


• * 

Thirty pitch will not be too large for this wheel and pinion. 
The crown wheel^may have eighty teeth, but one hundred is 
better. If eighty, the wheel on the pin barrel must be forty. 
If one hundred, the pm barret wheel must be fifty. This wheel 
of fifty should be placed in a chuck and have its entire centi€ 
cutout, leaving only a ring with teeth. The toSthed ring can 
then be sl^pefllightly over the tube of the pin barrel and soft- 
soldered on. It can come betWn twt> hammers and not be 
in the way. 

Hammers for tubes should be made a? in Fig. 113. The 
^portion working ifi the hammer rack may be of brass, and the 
wire may be. soft-soldered in, a hole being drilled thi^ugh, 

I 
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Or the flat portions may be steel with the wires silver-soldered 
or brazed on the edge. The he^d is a piece of brass tube 
about I in. long and ^ in. diameter, screwed on the end of the 
hammer stem. B is the flat portion working in the rack, A is 
the steel wire stem, C is the brass tube, and D is a turned 
wood plug fitting the tube and forniing the face of the hammer. 
Stretched tightly over the hammer face and tied there should 
be a piece of rubber cloth to soften the tone. The hammer 
stems are usually about 6 ifi.«^'long and supplied with very 
light thin brass springs. r 

t Chime tubes should be hung Vith very short C(yrds, the tube 
tops being as close as possibly to the supporting bracket 
without touching, as in Fig. 97. Then the tubes da not swing 
much when struck. The hammers should strike about half-an-' 
inch from the top. 

Hammers for circular steel gongs are generally mad^rof 
steel wire, so that the heads can slide along them and be 
clamped by a small set-screw at the point where the best tone 
is obtained. A hammer head for a large gong (6 or 7 in. 
diameter) may be a block of brass | in. square and | in^ thick, 
as in Fig. 114. C is the hammer stem, B the clamping screw 
holding the head in place, and A is a piece of hard leather 
screwed into a hole in the hammer face. The leather produces 
a nice soft tone. 

»' 

Date Work.—Simple ^ate work as found in grandfather 
cldcks and bracket clocks consists of a disc of metal behind 

the dial, having the num¬ 
bers I to 31 painted 
around it. <In the dial is 
a small opening through 
which ©ne number may 
be reen. It is necessary 
, for the dial to turn one 

division eachCwenty-four hours just at midnight. It is accqpi- 
plished thus. Upon the hour-wheel another is mounted, 
which drives an interrqediate wheel turning on a fixed stud in 
the front plate. The disc has thirty-one teeth and a “ jumper ” 
like that on the star, wheel in Fig. 83. A pin fixed upright in 
the intermediate wheel engages with the teeth of the disc and 
turnspit round one tooth. The wheel moulitpd op the hour* 



Fig. 114 —Hammer for Circular Wire Gong. 
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wheel has forty teeth, and the intermediate whed* eighty. Or 
they may have thirty and si’xty. The effect is that the inter¬ 
mediate wheel turns once vn twenty-four hours and so moves 
the date-disc at midnight. This date work will of course only 
be correct for the thfrty-yne-day months. At the end of the 
other months it will require^setting. 

Peipetual calendar work; though seen in a fair number of 
watches, is in clocks quite a curiosity. It is somewhat com¬ 
plicated and highly ingenious.^ *By its means, the date is shown 
correctly month by mc^ith and year by year, leap year included. 

It depends fftr its action jipon a “ month wheel,” a wheel that 
revolves once in four years, a^d carries a sort of “ snail,” the 
steps of which are cut to varying depths to correspond with the 
long and short months. Upon the steps a kind of rack falls, 
and the depth regulates the number of divisions turned l^y the 
dalfcwheel before commencing again at “one.” 

Moon Work. —The usual moon disc has two moons 
painted upon it and turns once in two lunations. A lunation 
is app»oximately 29^ days. So if a moon disc with two moons 
has 118 teeth and is moved one tooth each twelve hours by a 
{fin in a wheel gearing with the hour-wheel and of the same 
size, it will only have an error of about three-quarters of an 
hour each month, which in a year amounts to nine hours and 
in three years to about a day, which is quite near enough for 
most clock owners. A train that is nearly exact is as follows 
(Lord Grimthorpe);—A pinion of twelve on the centre pinfbn 
(turning once per hour), drives a wheel of 182 with a pinion 
of nine on its axis. This pinion drives another wheel of ninety- 
one with a pinion of thirty-seven on fts axis, this last drives a 
wheel of 171, which will turn in 29 days, 12 hours, 44 minutes, 
3*4 seconds, and has an error of half-a-second per month. 

# 

Equation of Time. —The equation of time is tl^ 
dij[erence between*twelve o’clock local noon (shown when the 4 
sun is due sqpth at real midda^ and twelve o’clock noon 
meantime^ shown by the clock. It i% the amount that the 
clock is “ fast or slow of the sun.” At some times of the year 
both coincide, at others there is a difference of nearly a 
quarter of an hour. In the f^w clocks showing it, a wheel is 
arranged t^ reyOfVe once per year, and may have 3 6teeth 
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moved one tooth per day like a date-wheel. Upon the axis of 
this wheel is a cam so shaped that a lever resting on ^fs edge 
rises or falls as the wheel goes roui^d. The cam is cut so that 
a hand attached to the lever shows zero at those dates when 
the sun and clock agree, and falls bf low zero when the clock 
is behind the sun, and rises above;-it when the sun is behind 
the clock. A scale divided into minutes and fractions in 
conjunction with the hand, shows the amount of the difference 
in time. 

Quite obviously this arrangement alto offers a solution of 
th^ “ perpetual calendar” difficulty., ^ hand at^^ched to the 
axis of the “ year-wheel ” will revolve' once per year, and *a 
' circle at the dial edge may be divided into months*and days, 
the hand showing the correct date except in February, leap 
year. < The disadvantage is that the day ‘divisions are small 
of the circle), and require closely looking^ at. Still a«^r 
number of clocks were so made, though possibly none are 
made to-day. 

" Sidereal Time Clocks.— Sidereal time is requited in 
observatories. The sidereal day is ^ of a year and is 
3 mins. 56 secs, shorter than a solar day. To show sidereal 
time upon an ordinary clock as well as mean time can only be 
done ^approximately. This coupled with the fact that those 
who require sidereal time do so for making astronomical 
observations and must have i^ exact to a second, renders such 
clocks really useless. Consequently sidereal time is kept in 
observatories by separate regulators, whose pendulums are 
so regulated as to beat sidereal seconds, their construction in 
all respects resembling mean-time regulators. 

Regulators.— To keep accurate meantime for regulating 
purposes either in watchmakers’ ^ shops "or in observatories, 
ifcgulator clocks are used. A regulator is timepiece with a 
compensated teconds pendulum, all made as simply and cas 
accurately as possible. Evfrything is subordiwated to time¬ 
keeping. 

An average regulator would be made with well-polished 
pinions of twelve, fourteen, or sixteen leaves, with fine pivots, 
sometimes working in jewel "holes. The pallets would be 
dead-i)eat of the pattern shown in Fig, 63, anj^jeweiled where 
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tfie escape teeth touch them like Fig. 66. It’would have 
maintaining work to keej 5 it going during winding. The 
frame should be heavy and the pillars stout, to prevent' 
vibration or springing. i 

To ensure solidity th^ pendulum is ‘generally hung upon a 
strong^cast bracket screwed to the case back, of the pattern 
shown in Fig. 115. The suspension is made after the fashion 
of Fig. 116. A steel spindle A passes through the top of the 
suspension spring and is scre\^(!l up tight by the nut B. The 


A . 



**5-“Bracket for Big n 6 .— Regulator Fig. 117.— -Arrangement 

Suspending a Heavy Pendulum Suspen- for Setting in Beat. 

Pendulum. sion Spring. 


spindle A refts in the V slots on the bracket (Fig. 115). This 
should be about 6 in. X 4 in. and J in. thick. 

To set a regulator exactly in beat, the crutch is generally 
made movable upon* the pfllet arbor and held between two 
beat screws, as inJFig. 117. A is an upward extension of tile 
crotch C. BB are two arms rigidly fixed to tHb pallet arbor.* 
Two thumbswrevys working in# BB hold A centrally, and 
turning tflem a little will mote A slightly and alter the beat. 
In making this arrangement, care should be taken to make the 
crutch and beat screw arms, etj., extremely light so as to throw 
as little weight as possible upon the pallet pivots. As a rule 
* crutches of reg^tors are far too heavy* 
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Sometimes the gravity escaperpent is used in a regulator, 
but it is doubtful if it has any advantage. The heavy fdriving 
weight required is a disadvantage in** that it causes much more 
wear and tear. 

The hands of a regulator should he extremely light. They 
are best filed out from thin French' clock mainspring, and the 
seconds hand, from watch mainspring. 

Some regulators in observatories have pendulums as heavy 
as 40 lbs. This is all very well when they are suspended from 
a bracket bolted into a solid stone,;wall/'but if mounted in an 
ordinary regulator and suspended from /he back (i in. wood) 
of a case that is held to a brick V\’all by two wood-screws into 
‘ wood plugs in the ordinary way, such pendulums ^^‘ould rock 
the clock, and better timekeeping is got from more moderate 
weights, say from 10 to 15 lbs. *' 

An invar pendulum of this weight may have a rod 
diameter, threaded at the bottom with a thread of eighteen to 
the inch (Whitworth thread). Then one turn is approxi¬ 
mately I minute per day. The rating nut chould be a large 
flat disc of brass 2 in. diameter. Upon it and turning with it, 
may rest the cylindrical cast-iron bob, 8 in. high and af iq, 
diameter. This makes a 13 lb. pendulum. A brass cap on 
the top of the bob is divided on its edge into sixty divisions, 
and a clip pointer sprung on the rod just over it serves to 
indicate any movement. To legttlate such a pendulum, hold 
thq lod and turn the bob found, each division making 
I second per day difference. Fractions can be estimated. 

The cast-iron bob may be turned smooth and bright and 
nickel-plated or simply lacquered to prevent rusting. The rod 
should be polished and just left greasy from an oiled rag. The 
error of such a pendulum, when first-grade invar is used, is 
hardly perceptible. 

A good plan is to make the Ifob with two brass caps each 
J*in. thick. The bottom cap is tapped and serves as the rating 
*nut. The top\:apis bevelled on its edge, French silvered, and 
divided to form the scale with* pointer. Each cap^is fastened to 
the bob by two screws, f The bo*D itself has a J-in. central hole 
and the top cap is bored to accurately fit the rod, so that the 
cap forms the bearing upon the, rod, the cast iron not touching 
it. This simplifies the construction and ensures smooth and 
easy turning. Fig. 70 shows a pendulum maae*thusr 
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Making Pallets. —In drawing an escapemfent the escape 
wheel should be laid upon the sheet zinc, or white card and 
traced with a fine point, fjne tooth should lie on the vertical 
centre line. Then if of thirty teeth, mark four spaces on either 
side and draw tangents ^ as to cut the centre line above the 
escape, wheel and mark the^position of the pallet centre, as in 
Figs. 23 and 63. If the escape wheel has fewer teeth, the 
pallets will embrace less than eight. If high numbered, they 
will embrace more, but in a^y case, tangents to the points 
where the pallets engage will mark the position of the pallet 
holes. 

This done, with recoil paUets like Fig. 23, a vertical and a 
horizontakline (A and B, Fig. 23) will indicate the form of the* 
pallet faces. 

In a dead-beat*escapement like Figs. 62 or 63, the exact 
aflgle of impulse is important. It should be 1^° on each 
pallet. The angle of impulse is measured from the pallet hole 
by means of a protractor. It is the angle included between 
the dotted lines f and D (Fig. 62) and determines the slope 
of th6 impulse faces* and angular distance through which the 
gscape wheel drives the pallets. 

The outline of the pallets should be very carefully rhade 
clear upon the drawing of the escapement. The depth or 
position of the pallet hole can be transferred first to the clock 
.plates and the pivot holes*drilled, the pallet arbor fil?d and 
made r^ady to receive the palj^ts. Then the pallet pattern 
may be Cut out and used as a template from which to fil^ up 
the pallets. As they approach nearly to shape and dimensions, 
they may be tried in the clock and proceeded with very 
cautiously %ntil finished. After Fiardening, a little more 
shaping and trimming can be done to finally fit them, by means 
of emery buffs dr by a soft steel polisher and oilstone dust as 
in pivot smoothing,*and the locking faces and impulse faces 
finally polished ii; the same way with red-stuff and oil. 

It should be remembered that the lockin^^ faces of deadj 
beat pallets «are true arcs of a circle struck from the pallet 
pivots afi a centre. 



CHAPTER XIII. 

ALTERING CLOtKS, 

Silk Suspension Pendulilms.— Many old French 
eight-day clocks have the pendulums suspended bjf-a loop of 
silk thread. 7 "his provides a ready means of regulation,^one 
end o^jthe thread being merely wound up on a steel arbor b^ 
thumbscrew, thus shortening the loop. The pendulumfof 
these clocks are generally very light, and the rods simply thin 
steel wires ending at the top in a small hook to hang upon the 
silk loop. <- 

One might suppose that this form of suspension would be 
almost frictionless, but in reality there is more friction thaa 
with the ordinary suspension spring, and the silk thread has 
the further disadvantage of being affected by the weather and 
causing inequalities in the rate of the clock. For these 
reasons many silk suspension clicks are converted to the 
orc^nary form. The best way to convert one is to purchase a 
“ Brocot ” suspension’ and fit it to the back cock, bringing 
the regulating arbor through the dial in front, just above the 
12 o’clock. This also means a new heavy peqdulum and 
altering the crutch. 

Another way is to screw a stout brass stqd into the back 
cock, slot it to take the top end of the suspension spring, and 
fit a new pendulum having the regulating screw at the bottom. 
Tiie disadvantage of this plan is that no regulating can be 
done from the front. 

« 

Old Verge Bracket Cldcks. —There are stfil a few 
old English bracket clocks about with verge escapemenlS, and 
in all of them that 4 iave been, kept continually running the 
escapements are completely worn out. Th^ verge escape- 
meat, ^ith its light pendulum, knife-edge suspension and large 
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arc of oscillation,, is incapable of keeping go*o& time, and 
unless Ihe clock is to be kept intact as a specimen of some 
particular old makerjs wof^, it is advisable to convert such 
clocks to the modefn form. This entails a good deal of work, 
and includes mounting ^d fitting a new third wheel, escape 
wheel,and pinion, pallets, ^rutch and pendulum, as well as 
filling up many old holes in the plates and making a back 
cock. 

The new third wheel ma>^have the same number of teeth 
as the old crown wheoi, an^ if the new escape pinion has the 
same numb^l* of leave^ before, the new recoil escape whftel 
may have two more teeth than the verge wheel, the object of 
which is to use a rather shorter pendulum, or else the rating 
nut will touch the bottom of the case. 

The escape wh^el and pinion will be planted upQn the 
c^ire line of the frame, and the third wheel and pinion will 
have to be moved to the right considerably, as in an ordinary 
English clock, so as to depth with the centre wheel and escape 
pinion. • 

A^asting for a back cock can be obtained for a few pence, 
and a complete pendulum may be purchased ready-made if 
Sesired. The pallets will be filed up from an ordinary pallet 
forging. 

If it is desired to make a pendulum instead of buying one, 
.the rod may be made from a strip,of steel of the usual flat 
section, Tor brass may be used,j3ut li^s a larger temperature 
error. A bob of the ordinary brass shell pattern filled with 
lead presents difficulties, but a good bob may be simply made 
from three discs of brass, one the thickness of the rod and the 
other two rllher thicker. Discs stamped out from sheet brass, 
of any ordinary diameter such as 2 in., 2^ in. and so on, can be 
purchased at the* clock founder’s. Three of these, making in 
all about | in. in thickness, till make a good bob. Divide the 
centre one with a^aw and remove a portion equal in widthgo 
tlie rod. Then rivet them all up together with four brassf 
rivets and smooth off on both^ sides and the edges. This 
makes £P solid brass bob that will #lide upon the flat rod 
perfectly. 

Substituting Chains fot Lines in Fusee Clocks.— 

Fusee cl^^cks.wlth gut lines are continually giving trouble. 
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The lines break and fray, and whenever a new one has to be 
fitted, it is necessary to take the clock to pieces, chain 
very seldom breaks and it is a sample matter to make the 
alteration. Cutting the hollow in the fusee to accommodate 
the chain hook is the principal difiVulty, and this may be 
overcome with a little patience. ^ flat is first filed out, then 
several holes are drilled close together to deepen it, and the 
intervening brass cut out by a small chisel made from a broken 
graver. The hollow should kd crescent-shaped and deep 
enough for the hook to lie in flush. ^ A sfieel pin should be put 
aerbss it for the hook to hold on to. 

The hole in the barrel for the other chain hook must be 
‘well undercut so that the hook may get a good hold and lie 
flat upon the barrel surface. In some old clocks, the fusee 
groovq is round bottomed and shallow. Suth a fusee will need 
the groove re-turning before a chain can be fitted, but nwgS'w’ 
clocks will be found to have a square-bottomed groove whether 
they have lines or chains, and this is perhaps one of the causes 
of lines fraying so readily, a round-bottomed groove not chafing 
the line so much. 

Making a Grandfather Clock Strike on a Gong on 
Tube. —A circular steel gong is seldom very satisfactory when 
fitted to a Grandfather clock. As a rule there is not sufficient 
room for it; its proper fixing presents difficulties, and neither 
the case back nor the seatboard* makes a good spunding-. 
board. 

On the other hand, a long tube, like one of those in a tube 
chime clock, may be fitted and give perfect satisfaction. It 
should be suspended from a support about 2 ii?. above the 
seatboard and hang through a hole cut to allow it free passage. 
A new hammer must be made to hang dowpwards and strike 
outwards as in Fig. 95. An addition totlje driving weight will 
be necessary and the amount will depend upon the weight of 
tl?b hammer. ^The hammer being made aifd the tube hung, 
^additional weights may be added until the striking is promjft. 
The whole may then be W(^jg^ed and a new ^eigljt cast of 
the required dimension^. The writer has known a 4-Tt. Jength 
of i-in. steel bicycle tube used with good effect. 

Adding Quarter-Chimes‘ to a Grandfather Clock.— 

Cases ^of these clocks differ very much in ftiqir dynensions. 
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Those with narrow waists,will not accommodate the three 
weights necessary, especially when it is remembered that the 
chiming weight must be of'^arge diameter. The length of the 
chiming weight requires a case of more than average height, 
that it may have sufficic’it fall to go for eight days. Given a 
ca§e high enough and wide ^nough, quarter-chimes on four and 
eight bells may be added. Tube chimes cannot possibly be 
got into an ordinary case, as thq usual inside depth from back 
to front is 6 in. and a tube clock requires at least 9 in. 

The conversion is ibest^arried out by making a complete 
new clock frame with i^la^s about 8 in. square. T he old goihg 
train is pitched in the centre, the striking train to the left, and 
the new chiming train to the right. The cannon pinion, 
motion work, hour wheel, and snail aie all used as before, and 
the striking rack. quarter snail is made and mountec^upon 
tffi^iinute wheel, a new hour rack hook, and warning lever 
after the pattern shown in Fig. 93, and quarter rack, hook, 
and warning lever, etc., fitted. Fig. 94 shows the hammer 
work. 

It*is of course possible to mount a chiming train in a 
jj^parate frame and bolt it on to the side of the old movement, 
but it makes a poor job and entails nearly as much labour. 

Improving the Timekeeping of a Grandfather 
Clock.-A Grandfather clock can be made into a sort of semi¬ 
regulator* and greatly improved ^ a timekeeper by converting 
the escapement to a “ dead-beat” and fitting a new pendultim 
with wood rod and lead bob. The backs of the cases are 
generally the weakest, and when this alteration is decided upon, 
it will be wise to strengthen the bacK with an additional | in. 
of sound deal board secured by a dozen or more screws to the 
old back. The clock may then be securely fixed to a wall and 
the pendulum may tfc hun^ from a bracket on the case back 
after the style of tiTg. 115. The wood rod may be pine J y?. 
diameter and of round section. Brass tube forfns a good end 
for top and b®ttom. A cap i ir^ long may be fitted tight and 
flush, an® pinned through at each enti The top cap has the 
susperT&ion spring attached and the bottom cap the rating screw. 
The bob may be oval or cylindrical, about 7 in. high and 2 in. 
diameter. The crutch shoula be widened to span the wood 
rod, by having a new fork brazed on to its end. Where it 
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works on the fod, a short length of brass tube should be slippea 
over like a ferrule. * 

In altering the escapement, eith^ the pallets must be raised 
about ^ in. or the new straight-tooth escape wheel must be 
rather smaller than the old one. T^he pallets will be of the 
form shown in Fig. 63 and can be filed up from a forging,* or 
if desired may be made like Fig. 62. 

The error of a clock so altered will not exceed five or six 
seconds per week. ‘ ^ 

, < 

‘ Thirty-hour Grandfather Clocks. —Ther question is 
often asked, “ Can these clocke be alfered so as to go eight 
days ? " They cannot, except by fitting a fresh nii)vement to 
the old dial, or by completely remaking the old one. It 
would require two new modern barrels, new centre wheel and 
pinion, new third wheel and pinion, new motion work a^^a 
rearrangement of the striking train. It would probably be 
found best to fit a new or second-hand eight-day movement 
complete. 



CHAPrEk XIV. 

ELE<JJ'RIC CLOCKS. 

Under th^ head come all those clocks in which electricity 
plays a part. In some electricity is the actual motive power, 
in others it is merefy employed to rewind the clock at regular 
imel^als. Or again it may be employed to “ control ” a clock 
either by influencing the pendulum or by setting the hands at 
each hour. A system of clocks may be driven from one 
“ master clock ” or regulated by electric impulses each half 
minute or more frequently. In this case, the driven clocks 
merely consist of a few wheels and a pair of hands. 

Electricity can also be applied to ordinary clocks for the 
purpose of operating alarms, chimes, etc., or for striking a bell 
each second or minute for counting purposes. A brief 
description will be given of these different kinds of efectric 
clocks, though as far as the electric part is concerned it^is 
electricians’ work, and it is not within the scope of this book 
to give directions either for making or repairing them. Also it 
should be ^oted that nearly all t^e useful and successful 
electric clocks proper are covered by patents at present, as 
the wliole subject is yet in its infancy. There are great 
possibilities and* endless opportunities for the clockmaker- 
electrician to exercise his ingenuity. It is quite certain that 
clocks on these lines have a large future before them. 

Electrically-driven Clocks.— A few early electric 
clocks cdbsisted of a train of* wheels rfiriven by a pendulum, 
which ^t each beat caused the seconds wheel to advance one 
tooth. The train consisted just sufficient wheels to work 
back from the seconds wheel to the minute and hour wheels 
and so iwve the hands. They had no barrel, mainsprings or 
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A’eight, the Vheels simply running lightly and freely with no 
power upon them except the very slight forward impulse given 
to the seconds wheel at each vibration of the pendulum. 

The vibrations of the pendulum were maintained by 
magnetic attraction, an electro-magnet being arranged beneath 
the “ bob,” the current being obtained from the e^rth ^by 
burying the wires deeply in sudh a way as to ensure the 
constant presence of moisture. The current so obtained is 
weak, but sufficed. ' * 

The system had many weak pointy and not many clocks 
were so constructed. The rate of such a clock would vary 
according to the strength of tho current, the pendulum being 
almost constantly controlled by the magnet. 

The central idea of this clock was that of driving the 
pendulum direct, and operating the hands ^rom the pendulum, 
and at the same time pioducing a clock that would never 
winding, but would run uninterruptedly as long as the train 
kept in condition and the electric current was available. 

A modern way of accomplishing thi,s is to drive the 
pendulum by a kind of gravity escapement, in which an 
impulse is given at regular intervals by the falling of a weighted 
arm through a given space. In these clocks, the electric 
current is merely used to raise the weighted arm in position 
again ready for the next impulse. This frees the pendulum 
from 'all errors due to variatioa in the electric current and 
gives it a constant impulse ai^d a constant arc of vibration. It 
aUo leaves it quite free (as far as the driving power is con¬ 
cerned) except just at the moment of receiving an impulse. 

A pendulum driven thus and operating a train of wheels 
connected with a set of hands is termed a “ Motof-Pendulum.” 
It is given a certain amount of work to perform, viz. to drive 
the train. At each return vibration, an arm upon its rod has 
to turn a ratchet-wheel one tooth, and the ratchet has to be 
l^eld in position by a “jumper” of some kind answering the 
same purpose- as that on the star wheel of a striking cloqk. 
This means a serious interference with the free vibration of 
the pendulum, the worl^ it has to do being variable txcording 
to the effect of temperature upon the springs of the various 
parts, or the fluidity^of the oil upon their faces and pivots. 

In Fig. 118 J is a pendulum rod. E is a dead-beat 
impulse pallet rigidly fixed to the pendulurfi tod. . C is the 
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gravity arm working on a pivot at M. F is a small roller 
upon C'. D is a light spring catchy the flat top end of which 
holds up the gravity arm C so that the roller F is just clear of 
the upper dead face of the pallet E. When the catch is 
released, C falls until the roller F rests upon the dead face of 
E, ^ On the return swing of^ the pendulum F passes down the 
inclined impulse face of E'-and gives the pendulum a strong 
impulse. On falling below E the gravity arm C is arrested by 
the contact screws at B touching. Instantly the electric circuit 
is closed and the elec.tro-magnets L draw A forward sharply, 
thus raising ■J;he gravity lirm' C until D catches and holds it«up 
again ready for the next impulse. 

G is flight arm pivoted upon the pendulum rod. A pro-. 
jecting piece I engages with the teeth of the fifteen-toothed 
ratchet H. For fourteen teeth of the ratchet, each swing of the 
pendulum turns the ratchet one tooth, and the end of G docs 
not touch D, working in the looped portion, and the gravity 
arm C therefore remains held up. The fifteenth tooth of H is 
cut deeper than the rest, and I pressing into the space, rises a 
little. . Therefore when the pendulum swings to the right the 
end of G comes in contact with D and forcing it outvAards, C 
is released and F falls on the pallet E. Thus at each revolu¬ 
tion of H, one impulse is given to the pendulum. H having 
fifteen teeth, revolves once in 30 seconds, causing the pendulum 
to receive two impulses per minute. » 

Eaclv time an impulse is given the electric circuit is closed. 
This gives two alternative ways 6f working the hands of the 
clock. First H may be made to drive the train mechanically, 
or the electric current may be made to do the work by jumping 
the minute 4 iand forward each half niinute, a very simple little 
electrical device only being required for this purpose. 

Obviously the same current may be used to drive the hands 
of any number of ^ials i»j the circuit, and the one motor 
pendulum may be used as the master-clock of a system of 
synchronized cloclfs. ^ 

^ It will bejioticed that a failure of the current occasionally'’ 
for shortjperiods will not cause, tHe motor pendulum to stop, as 
its mcpentum is sufficient to keep it vibrating for some time, 
nor will the failure cause H to cease revolving. So if H works 
the train and hands of its owA dial meclianically, a failure of 
current now an(> then would not affect the clock noticeably. 



l6o CLOCK REPAIRING AND MAKING 

Qn the othei^ltand, if the hands are moved by the current, or if 
other dials are on the same circuit, all will miss an “impulse, 
i.e, a half minute, each time failure occurs. * 

Fig. ii8 is practically the “ Syfichronome ” system. 

The “ Eureka ” electric clock is a jmall and compact mantel 



timepiece. It is operated ^y a.“motor-balance,” that is, a 
lajrge balance made on the plan of a watch or chfbnometer 
compensation balance. The balance receives a ujagnetic 
impulse at each vibration, sufficient to maintain its vibrations 
and enable it to drive the train, which consists of a very few 
motiog wheels only and takes very little powe,r. Sp little is 
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required that the batteries can be placed in' the* base of tl^ 
clock jAaking it complete m itself. 


Clocks Wound Electricity.— Under this heading 

come^clocks in which a spj-ing or weight is the actual motive 
power, driving the pendulum through a train and escapement 
after the manner of ordinary clocks, but in which electricity is 
used to rewind the spring of we 4 ght at regular intervals. Con¬ 
tinuous running is thus attained as long as the mechanism 
remains in running orcfecaRd the current is sufficiently powetful 
to do the re\tdnding. 

It is cpiite obvious to a mechanic or an electrician that an* 
electro-motor can be geared to the winding arbor of any clock 
,and supplied wnth (Current to wind up the weight or spring. It 
tS equally obvious that only a little ingenuity is required to 
make this winding automatic. For instance, the weight having 
fallen to a certain point may he made to switch on the current, 
and when wound# up sufficiently, to switch it off again, the 
only Necessity being a constant current such as can be obtained 
^rom a town supply. 

This system would be expensive to make and is probably 
not found in many clocks. It has been found simpler and 
more economical to apply the rewinding to a spring much 
•nearer t@ the escapement afid at frequent intervals, rather than 
to wind the main arbor where (|nly an electro-motor of s&me 
power can do the work. The third wheel of a clock, for 
instance, may be made to revolve in eight minutes, and if it 
were provided with a large fine ratchet and a driving lever 
suflficiently heavy to drive the escape wheel and pendulum; ft 
very small amount of power would be required to raise the 
lever every half^ minute. In half a minute the wheel would 
revolve ^ of a turn* and an electro-magnet could be arranged 
to lift the drivii^g lever through this angle, thus dispensing 
^ith an electro-motor and powerful current. 

In lig. 119, A is the third ^heel. B is the driving ratchet 
turning; easily on the axis of A an^ connected, with it by | 
spiral spring of watchspring form, through which the driving 
is done, the spring acting really as a maiTitaining spring. C is 
a maintaining dtetent to hold B so that the spring may continue 

¥ 
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to^drive whilft rthe weighted lever t) is being raised by me 
electro-magnet G. The lever D engages with the ratchet teeth 
through the click E and drives the thijrd wheel. As soon*as I) 
falls to a certain pointy the contact screws P' complete the 
electric circuit and H is drawn sharply upwards raising D, 
which takes up the driving again. And so the clock is driven 
pntinuously; each time D falls, thi circuit is completed* and 
it is raised again, thus keeping the spiral spring under tension 
and driving A with a constant f( 5 r(?e. 

A failure of current in such a cU)ck 4 or more than a few 
minutes means stoppage, but this risk i;j lc»ssened by giving the 



inlcs-mediate driving spring several effective turns, and also by 
a system of two driving levers which are raised alternately. 


Clocks driven by Electric Impulses.—An electric 
master-clock actue.ted by a motor pendulum, liki that in Fig. 1 
or an ordinary regulator designed to close an electric circuit 
every half minute, can be made*to drive any number ^ dials 
by quite a simple electric contrivance, by which a pawl draws 
a ratchet-wheel round one tooth at each impulse. A clock so 
made need only have a ratchet bf one hundred and twenty 
teeth upon its centre arbor and the usual mdtion wheels to 
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^ive the hour hand. Such clocks are really only electrically 
operated dials, and if <hecontact occasionally'fails, the errtr 
(half ^ minute) may be corrected at the termination of each 
hour by one of the synel^ronizing systems worked from the 
master-clock. 

A more reliable systtem is to make the impulses from the 
mastt?r-clock drive the penidulums of the clocks in the circuit 
by electro-magnetic influence (Ritchie’s). The pendulums drive 
the trains, and should the current fail for a short time, the 
momentum of the pendulum is sufficient to cause it to continue 
to vibrate lyitil current is *gain supplied, whereas a failure^ in 
the case of fnere eleftric dials, if lasting for more than one 
beat, puts them even beyond the control of the hourly 
correction. And in electrical work a faulty contact or a 
failure of current i^ always a possibility. 


Electrically-controlled Clocks.— There is a system’ 
by which current received each second, or at other intervals, 
from^a good regulator can be made to influence the pendulum 
of an inferior clock and keep it in unison with the master 
pendulum. This is effected by electro-magnets influencing 
the pendulum itself without any mechanical contact. 

But a more usual way of making a master regulator control 
the time of a number of other clocks^ is by an hourly or half- 
•hourly current being applied to simple mechanism, which 
actually re-sets the hands each Hour or half-hour. 

Fig. 120 shows a method that \vas installed some years ago 
in numbers of clocks at railway stations and m other places. It 
is made under the assumption that the clock will not have^ 
error of its own of more than half-a-minute either fast or slow, 
in the hour. Just at the hour, therefore, the point of the minute 
hand will be over tkc credent slot shown in the dial. Behind 
the dial is a kind^of scissors arrangement, having two uprj^ht 
|)ins AA standing up normally at the top ends of the crescent aj 
shown. At Jjjie hour, the current causes the scissors to close, the 
two pin# AA coming towards each otjjer and meeting upon the 
hand'jn the centre. Obviously if the hand is not quite in 
the centre, the pins will set it centrally apd so correct the time. 
This arrangement did not ah^ys act perfectly. If one of the 
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clocks stopped of its own accord, it remained stopped, or if -if 
vwied from sofiie cause, such as loose h^Cnds, etc., more than the 
prescribed half-minute, it remained wrong. Even if the minute 
hand come within the radius of*the pins AA, it was not 
always set correctly, as dirt or oil upon them caused sticky- 
ness, and sometimes the hand point would adhere to one pin 
and be drawn back by it, thus ^dually setting the -clock 
wrong. 



Fig. 120.—Electric Setting Mechani.sm. 


A similar object w^as attained by another means. The 
clocks to be controlled were all regulated to gain percepti¬ 
bly, say a quarter minute each hgur. A pivoted lever was 
arranged to stop the minute hand exactly at sixty nrins. and" 
hold it there until the electi^ current raised the lever and 
freed the hand, and so on at each hour. This method had 
advantages over the first (Lund’s), but neither are used to any 
la^e Extent. ' 


Electric Alarms.-— An ordina^ drugi alarm clock may 
be made to ring an electric bell in many ways. One very 
single way is t^ place two pieces of thin •brass 3 in. higl^ 
i^right in a wood base, and connect the electric ^ires one to 
each.^ The brass strips should,be half-an-inch apar^ The 
cjock is placed upon the Vood base so that its alarm winding 
handle is between the brass uprights and in a vertical pdsition, 
not touching either ofthem, or o«ly touching one. ' When the 
alarm goes off, the alarm winding handle runs back and makes 
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latermittent contacts between the brass upright^ ringing the 
electric bell or bells upon the circuit. 

A •clock that has not already an alarm is a little more 
difficult to deal with, as the letting of mechanism has to be 
made and some means devised to enable it to be set to any 
re.quired time. 

In most clocks there is )?oom for a wood or vulcanite disc to 
be mounted upon the hour wheel in such a manner that it can 
be turned round to set to ady'time. A thin wire across its 
edge is placed so that^ it connects by friction with the cl^ck 
movement. • A thin sprifig resting on the edge of the wood 
disc will mal?e contact with tiie wire and cause the alarm to 
ring. Th^ hour wheel moving slowly, the bell will ring a long 
time and must be switched off as soon as the alarm has done 
its work. 

• ‘Another method often adopted is to prolong the hour hand 
so that it reaches to the edge of the dial. Then the hour hand’ 
must be insulated from the clock by mounting on a vulcanite 
collet. A friction?spring attached to one terminal makes per¬ 
manent contact with the socket of the hour hand. To complete 
the circuit it is necessary to connect the hour and minute hands. 
This is done by arranging two movable metal contact pieces 
around the dial edge, connected by a flexible wire. At each 
revolution the minute hand point sweeps over one, ljut the 
•circuit is not closed unti> the hour hand is also upon its 
contact block, and that occurs (jply at the fixed time one© in 
twelve hours. 

All these systems require the current to be switched off 
during the ^ay-time unless the alanh is to ring mornin^jjl^ 
evening. By adding another wheel to the motion work a 
24-hour alarm qould be arranged that would only ring in 
the morning. 

• Electric Chimes. —^The ordinary grandfather clock hai? 
no room for thiming mechanisrft except by almost re-making, 
as descifbed in another part oTf this b6ok, but electricity give% 
us a means of operating a chiming mechanism from contacts 
made by the clock, which chimes may be made to sound in 
any desired part»of the house. ^ 
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The meqhanism may take the form of a separate clock-* 
dfiven chime movement released each quarter of an hour by 
electric current from the clock, or it may be wholly electrical, 
each hammer being raised by an el^tro-magnet actuated from 
a pin barrel in the clock itself. Both systems give satisfactory 
results and offer an extensive field for the ingenuity of 
clockmaker-electricians. 
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ID, soldeling, 31 
Alarijis,electric, 164 


.■nALANCE, 5 

•Barrel teeth, new, 56 
Bells, mounting, 144 
Bouchons, 57 
Brass hardening, 301 
Brazinf, 32 
Burnishing, 43 
finishing holes, 21 
Buslfing wire, 21 


C ANNON pinions, 12 
Carriage clocks, 73 
— escapements, 74 
—— repeating, 99 

-striking, 97 

Carriers, 41 • 

Centre arbors, tightening, 50 
Chains, repairing, 16 
Chimes, iii • 

Chimes, adding to clo«k, 154* 
Chiming bells, 109 
tubes, 114 

Clamp for mainspring, 49 
Cleaning skeleton clock, 6 
Clicks, making, 53 
Compensation pendulums, 69 
Crutch, 3 

Cuckoo clocks, 119 
Cutter-bar. 44 
Cutters for lath^, 44 


D epths, 21 

Drills, 36 
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^ Electric clocks, 157 
Equation of lime, 147 
Escapement, American recoil, 

51 

-, dead beat, 61, 63 

-, French recoil, 57 

-, pin pallet, 62, 122 

-, English recoil, 23 

-, Turret clock, 122, 125 

-, watch, 74 

F eet of skeleton clock, f 
Files, 46 

Fly, regulating, 102 
Forgings, 131 

Four-hundred day clocks, ^8 
French-silvering, 33 
Fusee, 4 

G ravity escapements, 123 
Grinding, 34 
Gut lines, 17 * 

H ammers, 103,116 

-for tube clocks, 145 

-for gongs, 146 

Hands, repairing, 18 
Hardening brass, 30 
—- steel, 27 
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T ANTERN pinions, 49 
Lever drum clocks, 78 
Locking plate striking, 88, 95, 
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jYJAINSPRINGS, repairing, 

Mr.inspiing clamp, 49 
Metals, expansion of, 68 
Moon woik, 147 
Motion woik, 4 
Musical clocks, 118 


PALLETS, 3 

-—, facing, 23 

-, jewelled, 64 

-, making, 151 

-, repairing, 22 

Pendulum, 2 

Pendulums, calculating, 67 

-, compensation, 69 

-, length of, 66 

-, piiotor, 160 

Pendulum suspension spring, 25 
Pdlars, 7 

--, turning, 133 

Pinions, 130 

-, lantern, 49 

Pivots, fitting new, 20 
polishing, 43 

-, repairing, 19 

-, turning, 41 

Polishing, 34 
— pivots, 43 
--plates, IQ , 


Q uarter chimes, ^09 

Quarters, ting-tang, 105 


pACKS, making, 138 
Rack striking, 81,'’^3 
Recoil^^escapements, 23, 51, 57 
Regulators, 149 


ccAewplates, 37 

Setting in beat, 13 
Shellac, 33 
Ship clocks, 120 
Sidereal time, 148 
Sib-eriieg, French, 33 
Skeleton clock, i 

-cleanirTg, 6 

-, feet for, 7, 

Snails, making, 138 
Soldering, hard, 32 

-, soft, 31 

Split-chucks, 40 
Steel, hardening, etc., 27 
Stopwork, 76' 


'pAPS, making, 39 
Teeth, barrel, 56 
Teeth, sizes of, 143 
Tempeiing steel, 27 
Tic-tac clocks, 58 
Tools, 35 

Trains, calculating, 139 

-, pitching, 135 

Tube clocks, 114 
Turning, 40 

-pillars, 133 

Turret clocks, 121^ 

Turret clock lines, 125 

\/ERGE docks, 152 
‘ Vt'^nna regulators, 6 o 

VXT’EIGJiT, advantage of, 5 
* ’ Wheel teeth, new, 18 ^ 
Wheels, mounting, 134 
trueing, 133 * 

Winding, electric, 161^ 
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Complete Measurer. R. Horton - - 

Superficial Measurement. J. Hawkings 
Light, for use of Architects. E. W. Tarn 
^rchRecture, Orders.^ Hv. H. Leeds 

, Architecture, Styles.'" T. T. Bury - . - . 

• The above 2 vols, bound together - - , - 
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9fEALE’S SiCIENTIFIG & TECHNICAL SERIES. 

Note.— ^/// Published Pf-uc^xirc NET. 

BUILDING & ARCHITEOTURE— 


Architecture, Desig^n. E. L. G'arbltt - - 2/6 

Architectural Modelling. T. A. Richakd^^on - - 1/.6 

Vitruvius’Architecture, j, TiWili . . - - 5/-’ 

Grecian Architecture. Loid Ai!rri>ern - - 1/- 

Thc above 2 vols., bound togeyiei ' 6/- 


FINE ARTS. o « 

Painting, Fine Art. T. J. Gullick & T- Times - - 5/- 

Gr,ammar of Colouring. G. Field & E. a'. Davidson 3/- 

Perspective, G. 1’yne. 2/-«’ 

Music. C'. C. Spencer .2/6 

Pianoforte Instruction. C. C Spencer - - 1/6 


MATHEMATICS, ARITHMETIC, 6:c. 

Geometry, Descriptive. J. F. Heather - - - 2/- ( 

Analytical Geometry. J. Hann & J. R. Youno - 2/- 

DifFerential Calculus. W. S. B. Woolhollse - - i/6 

Bopk-keeping.i/. 

Arithmetic. J. R. Young 1/6 

Equational Arithmetic, yv. Hipsley ' 

Mathematical Instrumenis. Heather&Walmisley 
Drawing & Measuring Instruments. ]. F. Heather 2 6' 
Optical Instruments. J. F. Heather - - 2/b 

Surveying and Astronomical Instruments. J. F. 

Heather.2/6 

The above 3 vols., bound together- - - - 7/6 

Mensuration and Measuring. 5 t. Baker ^ - 1/6 

Slide Rule and How to Use it. Hoaee - 3/6 

Measures, Weights, & Moneys. W. S. B. Wooi house 2/6 
f .Logarithms, Treatise on, with Tables. jH. Law - 4/- • 

Compouhd interest and Annuities. P. Thoman - 4/- 

Compendlous Calculator. D. O’Gorma'n 2/6* 

Mathematics. F. Campin- - - 13/- 

Astrortbmy. R. MaHV &■ W. 1 . Lynn - - 2/- 

Superflcial Measurement. J. Hawkings - 3/61 
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HANDYBin)K« FOR HANDICm^TS. 


Note.« Iti Publnhid J’nce^ an NET. 

HANDYBOOKS FOR HANDICRAFTS. 

« 

By ?Ai'i, N. Hasluck. 

These Handyhooks ha\e been wiitten to supply information 
for workmen, Students, *anfl Amateurs in the several Handi¬ 
crafts, on the actual practice of the \Yorksliop, and are intended 
to convey in plaiif lar.^ua^e Technical Knowledge of the sev%ral 
Craft\ • ' 

Prub each 7 <o/ l/6. 

MFsTAL 'rURNIsR'S HANDVBOOK 
WOOD TURNER’S JIANDVBOOK 
W\'ron lOHHKR’S H\NDVJfOOK. 

I’ATJ'ERN MAKlsR’S D \NDVHOOK 
MECHANIC’S WORKSHOP HANDVBOOK * 

MO|)EL ENfHNEER’S HANl)\’BOOK 
Cr,6cK JOBBER’S H \NDYBOOK 
CABINET WORKER’S HANDVBOOK. 
WOODWORKER’S H \NDVBOOK 


MISCELLANEOUS. 
Decorator’s Assistant 
Modern Fretcutting. J. Mak^son 
Mi>dern Boot Repairing, L. Lord 
Watch Repairing. F. J. Garrard 
Clock Repairing. ¥. J. Garrard 
Soap Making.. A. MAtt 
Paper MakBig. ^ Clapperton 
Metal Plate Work. E. G Barrext - 
Illuminating 8 c Missal Painting. P. W irmAtu) 
Screwy Cutfing for Engineers. E. PirpL - 
•Engineers’Measuring Tools. E Pull 
Modern Workshop Practice. E. Pull 
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